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Turbo C, 
Turbo Basic, 
Turbo Pascal and 
Turbo Prolog: 
technical 
excellence 


66 Borland International’s Turbo Pascal, Turbo Basic 
and Turbo Prolog automatically identify themselves, by 
virtue of their ‘Turbo’ forenames, as superior language 
products with a common programming environment. 
The appellation also means to many PC users a ‘must 
have’ language. To us Turbo C looks like a coup for 


Borland. Garry Ray, PC Week 3J 


BI-T131A 


Turbo Prolog: 
The Natural Language of 


hether you're a first-time 
\ V programmer or an expe- 

rienced one, Turbo Prolog’s 

natural implementation of Atrtifi- 
cial Intelligence soon shows you 
how to build expert systems, nat- 
ural language interfaces, custom- 
ized knowledge bases and smart 

information 
management 
systems. 
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TOOLBOX 


Turbo Prolog and Turbo C 
work hand-in-hand 

Turbo Prolog” interfaces per- 
fectly with Turbo C® because 
they’re both designed to work 
with each other. 

The Turbo Prolog/Turbo C 
combination means that you can 
now build powerful commercial 
applications using two of the 
most powerful languages 
available. 


Turbo Prolog’s development 
system includes: 

[ Acomplete Prolog compiler that 
is a variation of the Clocksin and 
Mellish Edinburgh standard 
Prolog. 


™ A full-screen interactive editor. 

{ Support for both graphic and text 
windows. 

All the tools that let you build 
your own expert systems and 
Al applications with un- 
precedented ease. 


, All Borland products are trademarks or registered trademarks of Borland Interna- 
tional, Inc., or Borland/Analytica, Inc. Other brand and product names are trade- 
marks or registered trademarks of their respective holders. 

Copyright 1987 Borland International BI-11314 


Artificial Intelligence 


46 An affordable, fast, and 
easy-to-use language that 
will delight the newcomer 
... You experienced Prolog 
hackers will likewise be 
delighted, if not astonished, 
by the features and per- 


> formance of the Turbo 


Prolog development 
environment. 

Turbo Prolog offers gener- 
ally the fastest and most 
approachable implementa- 
tion of that language. 


Darryl Rubin, AI Expert be] 


How Turbo Prolog’s new Tool- 
box adds 80 powerful tools 
and 8000 lines of source code 

In keeping with Borland tradi- 
tion, we’ve quickly added the 
new Turbo Prolog Toolbox™ to 
Turbo Prolog. 

With 80 tools and 8000 lines 
of source code that can easily be 
incorporated into your own pro- 
grams—and 40 sample programs 
that show you how to put these 
AI tools to work—the Turbo 
Prolog Toolbox is a highly intelli- 
gent, high-performance addition. 
Only $99.95! 


Turbo Prolog Toolbox 
features include: 

( Business graphics generation: 
boxes, circles, ellipses, bar charts, 
pie charts, scaled graphics 

M Complete communications pack- 
age: supports XMODEM protocol 

™ File transfers from Reflex,® dBASE 
IIl,* 1-2-3,° Symphony’ 

A unique parser generator: con- 

struct your own compiler or query 

language 

Sophisticated user-interface design 

tools 

Contains 40 example programs 

Easy-to-use screen editor: design 

your screen layout and I/O 

Calculated fields definition 

[MW Over 8,000 lines of source code 
you can incorporate into your own 
programs ’ 
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Turl 
The most pow 
compil 


ur new Turbo C generates 
@) fast, tight, production- 
quality code at compilation 
speeds of more than 13,000 lines 
a minute! 
It’s the full-featured optimizing 
compiler everyone has been wait- 
ing for. 


Switching to Turbo C, or 
starting with Turbo C, you 
win both ways 

If you're already programming 
in C, switching to Turbo C will 
make you feel like you’re riding a 
rocket instead of pedaling a bike. 

If you're never programmed in 
C, starting with Turbo C gives you 
an instant edge. It’s easy to learn, 
easy to use, and the most efficient 
C compiler at any price. 
Only $99.95! 


&& Turbo C does look like 
What We've All Been Waiting 
For: a full-featured compiler 
that produces excellent 
code in an unbelievable 
hurry .. . moves into a class 
all its own among full- 
featured C compilets ... 
Turbo C is indeed for the 
serious developer ... One 
heck of a buy—at any 


price. Michael Abrash, 
Programmer's Journal b | b | 


oC: NEW! 
rful optimizing 
er ever 


Why more than 600,000 


programmers worldwide are using 
Turbo Pascal today 


Sieve benchmark 


oe a 
Compile and 


Object code 
size 


249 


39 
=—T 


Benchmark run on an IBM PS/2 Model 60 using Turbo C version 
1.0 and the Turbo Linker version 1.0; Microsoft C version 4.0 and 
the MS overlay linker version 3.51. 


Technical Specifications 

(® Compiler: One-pass optimizing com- 
piler generating linkable object 
modules. Included is Borland’s high- 
performance Turbo Linker.” The object 
module is compatible with the PC- 
DOS linker. Supports tiny, small, com- 
pact, medium, large, and huge 
memory model libraries. Can mix 
models with near and far pointers. 
Includes floating point emulator 
(utilizes 8087/80287 if installed). 


Interactive Editor: The system 
includes a powerful, interactive full- 
screen text editor. If the compiler 
detects an error, the editor auto- 
matically positions the cursor approp- 
riately in the source code. 


Development Environment: A power- 
ful “Make” is included so that manag- 
ing Turbo C program development is 
highly efficient. Also includes pull- 
down menus and windows. 


Links with relocatable object modules 

created using Borland’s Turbo Prolog 

into a single program. 

Inline assembly code. 

Loop optimizations. 

[Y Register variables. 

[Y ANSI C compatible. 

Start-up routine source code included. 

[Y Both command line and integrated 

environment versions included. 

[Y License to the source code for Run- 
time Library available. 


Join more than 100,000 Turbo C 
enthusiasts. Get your copy of 
Turbo C today! 


Minimum system requirements: All products run on IBM PC, 
XT, AT, PS/2, portable and true compatibles. PC-DOS (MS-DOS) 
2.0 or later. 384K RAM minimum. Basic Telecom and Editor Tool- 
boxes require 640K. 


Borland International 
4585 Scotts Valley Drive, Scotts Valley, CA 95066 
Telephone: (408) 438-8400 Telex: 172373 


Turbo Pascal’s worldwide 

success is Borland’s advanced 
technology. We created a com- 
piler so fast, that Turbo Pascal® is 
now the worldwide standard. And 
there are more tools for Turbo 
Pascal than for any other develop- 
ment environment in the world. 


Tt irresistible force behind 


You'll get everything you 
need from Turbo Pascal and 
its 5 Toolboxes 


Turbo Pascal and Family are 
all you'll ever need to perfect pro- 
gramming in Pascal. 

If you’ve never programmed 
in Pascal, you'll probably want to 
start with Turbo Pascal Tutor® 2.0, 
and as your expertise quickly 
grows, add Toolboxes like our 


° Database Toolbox® 
Editor Toolbox® 
° Graphix Toolbox® 
© GameWorks® 
and our newest, 
¢ Numerical Methods Toolbox™ 


And because Turbo Pascal is the 
established worldwide standard, 
3rd party, independent non- 
Borland developers also offer an 
incredible array of programs for 
Turbo Pascal. Only $99.95! 


66 Borland International’s 
Turbo Pascal took the pro- 
gramming world by storm. A 
great compiler combined 
with a good editor at an 
astounding price, the pack- 
age quickly came to be 
called, simply, Turbo—and 
has sold more than 500,000 
copies. 

Stephen Randy Davis, PC Magazine 


Language deal of the cen- 
tury. PC Magazine 


For Scientists and Engineers: 
Turbo Pascal Numerical 
Methods Toolbox 


The Numerical Methods ‘Tool- 
box is a complete agian ee ot 
Turbo Pascal routines and 
grams. Add it to your develo op 
ment system and: you have the 
most comprehensive and power- 
ful numerical analysis capabil- 
ities—at your fingertips! 


The Numerical Methods Tool- 
box is a state-of-the-art mathemat- 
ical toolbox with these ten pow- 
erful features: 


(WY Zeros of a function 
Interpolation 

[¥ Differentiation 

Integration 

Matrix Inversion 


wy 
w 
[ Matrix Eigenvalues 
wy 
wy 
[w 


Differential Equations 

Least Squares 

Fourier Transforms 

[4M Graphics 

Each module comes with pro- 
cedures that can be easily adapted 
to your own program. The Tool- 
box also comes complete with 
source code. So you have total 
control of your application. 


Only $99.95! BLIT3IA 


Turbo Basic introduces 
its powerful new Telecom, Editor 
and Database Toolboxes 


urbo Basic® is the break- 

through you've been waiting 

for. The same power we 
brought to Pascal with Turbo 
Pascal has now been applied 
to BASIC with Turbo Basic. 

Compatible with BASICA, Turbo 

Basic is the high-performance, 
high-speed BASIC you'd expect 
from Borland. 


Basically, Turbo Basic is 
all you need 


It’s a complete development 
environment which includes an 
incredibly fast.compiler, an inter- 
active editor and a trace debug- 
ging system. It outperforms all its 
tivals, and because it’s compatible 
with BASICA, you probably 
already know how to use it. 

Includes a free MicroCalc” 
spreadsheet complete with source 
code. Only $99.95! 


A technical look at Turbo Basic 
| Full recursion supported 


Floating-point support, with full 


- tion. Software emulation if no 
| 8087 present 


able memory (no 64K limitation) 
VGA, CGA, and EGA support 
Access to local, static, and global 
variables 

Full integration of the compiler, 
editor, and executable program, 


wy 
wy 
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messages, tracing, and execution 


place you in the source code 

| where error occurred 

| [4 New long integer (32-bit) data 
| type 

[¥ Full 80-bit precision 

[W Pull-down menus 

| & Full window management 


[ Standard IEEE floating-point format | 


8087 (math co-processor) integra- | 


Program size limited only by avail- | 


with separate windows for editing, | 


[Y Compile, run-time, and I/O errors 


6&6 Borland has created 
the most powerful version 
of BASIC ever. 

Ethan Winer, PC Magazine b | b | 


Telecom Toolbox is a complete 
communications package which 
takes advantage of the built-in 
communications capabilities of 
BASIC—use as is or modify. 
¢ Pull-down menus and windows 
¢ XMODEM support 
¢ VT 100 terminal emulation 
¢ Captures text to disk or printer 
¢ PhoneBook file 
* 300, 1200, 2400 baud support 
° Supports script files 
° Fast screen I/O 
° Supports most of XTalk’s 
command set 
¢ Manual dial and redial options 
Use Telecom Toolbox to embed 
communications capabilities into 
your own programs and/or build 
your own communications pack- 
age. Source code included for 
all Toolbox code and sample 
programs. Only $99.95! 


For the dealer nearest you or to order by phone call 


(800) 255-8008 
in CA (800) 742-1133 in Canada (800) 237-1136 


INTERNATIONAL 


SUMMER BREAK SPECIAL! 
Buy Turbo Basic and get a FREE product. 
See your dealer for details! 
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yew! 


Database Toolbox means that 
you don’t have to reinvent the 

wheel each time you write new 
Turbo Basic database programs. 


[ “Trainer” shows you how B+ 
trees work. (Simply key in 
sample records and you'll see 
your index being built.) 


( Turbo Access instantly locates, 
inserts or deletes records in a 
database—using B+ trees. 


Turbo Sort sorts data on single 
items or on multiple keys and 
features virtual memory 
management for sorting large 
data files. 


Source code included. 


NEW! 


ae = = 


| Editor Toolbox is all you need 


to build your own text editor or 
word processor. Includes source 
code for two sample editors. 

First Editor is a complete editor 


ready to include in your programs, | 


complete with windows, block 
commands and memory-mapped 
screen routines. 

MicroStar” is a full-blown text 
editor with a complete pull-down 
menu user interface, and gives you 
¢ Wordwrap 
° Undo last change 
e Auto-Indent 
e Find and Find/Replace with options 
° Set left/right margins 
¢ Block mark, move and copy 
¢ Tab, insert, overstrike modes, line 

center etc. 

Includes source code. 


Only $99.95! 
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eet WORM (Write Once, Read Many) Trees ————_____ 36 
2 by E.J. Smith 
Strange as the name might sound, these optical storage devices are 
the wave of the future. With their low cost, large storage capacity, 
and ability to keep data readable for 10 to 20 years, the cartridges 
are best suited to archiving. The author explains the structure of 
WORM trees, shows how stored data can be accessed but not 
changed, and looks at the advantages of WORMs over hard disks. 4 7 


Prototyping: Getting a Jump on Data Base Design 

by Roger Wickes 

Outlining the requirements of a new data base prior to designing it 

saves time and effort later on when needs that weren’t anticipated 

start cropping up. Focusing on data specification, the author uses 

information modeling and process design to show how a data base 

prototype can be developed easily on a micro DBMS. 5 7 


Build Your Own User Interface 
by William Meacham 

Find some of today’s interfaces lacking in the social graces? Knowing 
how to “roll your own” allows you to create a more elegant, flexible 
user interface, and this article discusses the software tools necessary 


to do so. 

An Iterative Approach to Quicksort 6 7 
by Edward Addy and Lewis Graham Jr. 

This alternative to recursive Quicksort is good for doing sorts in 
nonrecursive languages like FORTRAN and BASIC. But even in 
languages that allow recursion, an iterative sort can be both faster 
and more memory efficient. 


ee 
PRODUCT WRAP-UP 


Six state-of-the-art Mac graphics packages ———______ 93 


Three graphics development environments 
for the PC 111 
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Feedback 


Programming on Purpose 
Chaos out of order 


Designing With Data Bases 
Fourth generation languages 


Public Domain Software Review 
Inference engines, accounting, and C conversion 


ComputerVisions 
Jeff Garbers and the ergonomics of software 


Product BINGO 
Advertiser Index 
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— If you thought all file managers 
were alike, think again. 
Think Btrieve. 


Btrieve stands out as the one file management 
system for programmers who are serious about 
productivity. With Btrieve, your programs can 
use simple subroutine calls to store, retrieve, and 
update records. It’s the file handling solution 
rich in functionality to meet your needs now 
and in the future, as your requirements 

grow and change. 


Bconnected. When your applications require 
networking, think Btrieve. A single version runs on all 
DOS 3 LAN’, including IBM PC Network and Novell 
Advanced NetWare. Btrieve is also available for 

Xenix and other multi-tasking operating systems. 


Broyalty Free. No royalty payments on your 
applications. Ever. 


Bsure. Btrieve comes with comprehensive 
documentation and unrivaled technical support for 
trouble-free software development. And you can 

add Xtrieve to supply your end users with even 

more, a menu-driven report writer and query 
system. 


Bfast. With Btrieve you develop fast 
applications, with ease. Written in 
assembly language for IBM PC’, Btrieve 
uses b-tree algorithms with automatic 
balancing for fast, efficient file indexing. 


Bsafe. Btrieve is the only file manager 
with automatic file recovery. Two levels of 
database integrity provide complete fault 
tolerance in the event of accidents or power 
failures. 


Think Btrieve. Make your programming 
performance stand out. Contact SoftCraft. 


Bflexible. Develop your PC applications 
with the capabilities you need most. 
Capabilities such as: unlimited open files, 
unlimited records per file, 24 indexes per file 
and a maximum file size of 4 gigabytes. All 
this with Btrieve plus access from any 
programming language. 


SoftCraft 


A NOVELL COMPANY 
P.O. Box 9802, #917 
Austin, Texas 78766 

(512) 346-8380 Telex 358 200 


Btrieve, $245; multi-user Btrieve, $595; Xtrieve, $245; 
multi-user Xtrieve, $595 (for report generation, add $145 for single-user and $345 for multi-user). 
Requires PC-DOS or MS-DOS 2.X, 3.X or Xenix. Btrieve and Xtrieve are registered trademarks of SoftCraft Inc. 
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Editor’s 
Notes 


t’s time for me to make my annual 

pitch for you to become more than 

just a reader of COMPUTER LAN- 
GUAGE. Write for us! COMPUTER 
LANGUAGE is a magazine both by and 
for professional programmers and soft- 
ware developers. Take a look at our edi- 
torial calendar for 1988 and see if there’s 
a topic you’d like to write about. Send 
me.a proposal or a draft! 

Design Methodologies is the theme of 
our January issue. We’ll pick up where 
we left off last year and present you with 
an issue full of design approaches and 
techniques. We’ll also take a look at new 
CASE tools and at program manage- 
ment utilities, including some for the 
Mac. ; 

February is our annual issue on the C 
language. In the software review section 
we'll be examining C tools, particularly 
utilities that have moved from UNIX to 
the MS-DOS world. In March we’ll be 
reviewing a variety of new language 
products and tools in the software devel- 
opment marketplace. 

Debugging, a topic of critical impor- 
tance to all programmers, will be the fo- 
cus of our April issue. P’ll be working 
with Robert Ward, head of the C Users 
Group and author of the popular Debug- 
ging in C, to give you lots of useful infor- 
mation on debugging in-a variety of 
languages and environments. 

The hot topic of object-oriented pro- 
gramming will be covered in our May is- 
sue, which will include the latest 
information from this fall’s OOPSLA 
conference (sponsored by the Association 
for Computing Machinery). Reviews of 


object-oriented products for the micro 
will be included too. 

The June COMPUTER LANGUAGE 
will feature helpful productivity tools for 
the programmer and reviews of editors. 
The July issue will be our special issue 
on artificial intelligence and go with us 
to the AAAI show in Minneapolis, 
Minn. In August the timing should be 
right for a meaty and practical issue on 
programming with OS/2 and the 80386. 
We'll be reviewing the best of the new 
products out there that you want to know 
about. 

September will be the month for a 
special look at software security, from 
encryption algorithms to software protec- 
tion devices. An added bonus will be a 
wrap-up of COBOL and RPG compilers. 
Then in October we’ll cover the complex 
topic of multitasking and review lan- 
guage translators. 

November is our COMDEX issue and 
will feature a wrap-up of FORTRAN 
compilers. The year will close in Decem- 
ber with a special issue on algorithms 
and a review of Ada compilers. 

If you don’t see your favorite language 
or type of product in our editorial calen- 
dar, don’t despair. In addition to the top- 
ics listed, we will regularly run articles 
and review products for BASIC, Pascal, 
Modula-2, Forth, LISP, PROLOG, As- 
sembly, and just about any other lan- -— 
guages you can think of. 

Drop me a note in the mail or on 
CompuServe if you’d like a copy of our 
writer’s guidelines. Also feel free to send 
me an outline or draft. Looking forward 
to hearing from you! 


Sp blag 


Regina Starr Ridley 
Editor 
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1-800-233-IOWA). Second class postage is paid at San Francisco, Calif., and at additional mailing offices. Please allow six weeks for change of address to take effect. COMPUTER 
LANGUAGE is a registered trademark owned by the magazine's parent company, Miller Freeman Publications. All material published in COMPUTER LANGUAGE is copyrighted © 1987 by 

4 Miller Freeman Publications Inc. All rights reserved. Reproduction of material appearing in COMPUTER LANGUAGE is forbidden without written permission. 
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‘Turbo C TO OLS. 
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a 1p 
scheduled intervention pode: and much more. 


Magic is easy with Turbo C TOOLS _ developers as well as newcomers to. ee aes 
in your bag of tricks. New Turbo C Turbo C TOOLS provides the sophisti- * Turbo POWER: SCREEN — 
TOOLS" from Blaise Computing isa —_ cated, bullet-proof capabilities needed COMING SOON! General screen manag: 
library of compiled C functions that jn today’s programming environment a 
allows you full control over the com- _ including removable windows, “side- = aecess. For Turbo Pascal. 
puter, the video environment, and the kickable” applications, and general ‘Turbo ASYNCHPLUS $99. 95 
file system, and gives you the Jee interrupt service routines written in C. » Interrupt driven support for the COM ports. 
building programs with Borland’s new The functions contained in Turbo C V/O butters up to 64K; XON/XOPF; up to 
C compiler. Now you can concentrate e 9600 baud; modem and A MCPEME e 
TOOLS are carefully crafted to supple- For Turbo Pascal. 


on the creative parts of your programs. ont Turbo C, = plalce Seen 
The library comes with well-docu- _ without duplicating its library functions. 


mented source code so that youcan _ Ag g result you'll get functions written ies toutes Fees atte 
study, emulate, or adapt it to yourspeci- —_ predominantly in C, that isolate hard- program control; DOS file support a 
fic needs. Blaise Computing’s attention ware independence, and are small and For MS-Pascal ¢ 
i eee: ee see aie easy to use. C-TOOLS PLUS” 
> Prand a comprehensive, file-mdoxed Turbo C TOOLS embodies the full spectrum ee EGA eine ae 
: manual, makes Turbo C of general purpose utility functions that are seréen access; DOS file h 


critical to today’s applications. Some of the ' For MS and Lattice Ci 
TOOLS the choice for features in Turbo C TOOLS are: 


@ WINDOWS that are stackable and remov- 
able, that have optional borders and a cursor 
memory, and that can accept user input. 


@ INTERRUPT SERVICE ROUTINE sup- 
port for truly flexible, robust and polite 
applications. We show you how to capture 
DOS critical errors and keystrokes. 
@ INTERVENTION CODE lets you devel- 
¥ op memory resident a applications that can 
take full advantage of DOS capabilities. 
With simple function calls, you can schedule 

a Turbo C function to execute either when 

a “hot key” is pressed or at a specified time. 

%& ¢ RESIDENT SOFTWARE SUPPORT lets 
you create, detect, and remove resident util 
ties that you write with Turbo C TOOLS. 
@ FAST DIRECT VIDEO ACCESS for 
efficiency, and support for all monitors 
including EGA 43-line mode. 
@ DIRECTORY AND FILE HANDLING 
support let you take advantage of the DOS 
file structure, including volume labels and 
directory structure. 


supports In addition to Turbo C TOOLS, Blaise 
' the Borland Computing Inc. has a full line of sup- 

TurboCcom- port products for Microsoft, Lattice 
piler, requires and Datalight C, Microsoft Pascal 
DOS 2.00 or and Turbo Pascal. Call 
later and is just today for details, and { romieanto™ 
$129.00 make magic! 


experienced 
software 


a 

: . ——>———— 4 

“BLAISE COMPUTING INC. VO x or MCF 
2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 Lees 
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. RESIDENT EXPERT Pop-up Reference Guides... 


finclude <stdio.h> 


char *fgets(str,cnt,strean): 


char *str; 
int cnt; 
FILE *strean; 


=> OVERIEN === 


- This function reads a string fron 


the input 


| <stream> and stores it in <str>. 


stream specified by 


The p 


Try One And Get Our MS-DOS/PC-DOS Guide 


THE POP-UP REFERENCE 
REVOLUTION BEGINS 


How much development time could you save if 
you never had to open another PC language or 
technical reference manual again? What if you 
could just point at acompiler keyword, assembly 
instruction, or function name on your screen and 
with a keystroke have complete, authoritative 
information about language syntax, operands, 
parameters, examples, and much more? 


INTRODUCING THE RESIDENT 
EXPERT SYSTEM 


A growing library of comprehensive, disk 
resident reference guides about the PC and your 
favorite PC languages. All available instantly 
through our unique memory resident pop-up 
access system. 


VIRTUALLY EVERYTHING YOU 
NEED TO KNOW 


Each of our Compiler Reference Guides con- 
tains virtually everything you need to know to 
program with your preferred implementation 
of your favorite language. Language syntax, 
all library functions, compiler directives, and 
error codes are thoroughly documented. 


Our PC Programmer's Reference Guide 
documents every PC (and AT) processor 
instruction and every BIOS and DOS service 
interrupt. You'll also find tables of keyboard 
codes, line drawing, ASCII, and IBM character 
sets, and much more. 


THE SPECIALIST’S LIBRARY 


Your compiler is unique. Thats why our 
reference guides are specialized...each one 
designed for a particular vendors language 
implementation. 


Absolutely FREE! 


Free With Any Purchase! 


Our Companion Pop-up GuideTo 


MS-DOS3.2/PC-DOS 3.3 


Limited Time Offer 


QUICK DRAW ACCESS SYSTEM 


Point-and-shoot...just place the cursor over any 
term on your screen Chances are we've got it 
fully detailed in one of our data bases. 


Fully cross indexed...if the instruction or library 
function you’re using isn’t quite right, our related 
topics cross index can help you find a better one. 


Multiple volumes on line...you can have one or 
a dozen of our pop-up reference guides on 
line...a complete library available instantly. 


THE INFORMATION YOU 
NEED...WHERE YOU NEED IT 


Our pop-up shell varies its size and shape 
dynamically, only taking as much space on your 
screen as it needs and it never covers your 
working area. You can see your work and our 
reference data at the same time. 


A COMPLETE LIBRARY...STILL 
ONLY A BEGINNING 


At Santa Rita, our commitment is to provide the~ 
most accurate, extensive selection of PC 
language reference materials available. If you 
don’t see one of our guides for your favorite 
language or compiler listed below don’t worry, 
we're probably working on it! 


PC Programmer’s Reference Guide... $59.00 
(with Assembly Language Guide) 


Borland Turbo C (7.0) 

Borland Turbo Pascal (3.0 and below)..... 59.00 
(with Graphics & Numerical Methods Toolbox) 

Borland Turbo Prolog (1.1 and below)... .. 59.00 
(with Prolog Toolbox) 

Lattice C Compiler (3.2 and below)....... 59.00 

Mark Williams LetsC (4.0 and below)..... 59.00 

Microsoft C Compiler (5.0 and below)..... 59.00 


SantaRita 


For the location of your nearest Santa Rita 
Software dealer, or to order direct, call us at 
1-214-727-9217. We'd like to hear from you. 


Santa Rita Software 
1000 E. 14th Street, Suite 365 
Plano, Texas 75074 g 


The RESIDENT EXPERT System 


Resident Expert is a trademark of The Santa Rita Company. Borland. Turbo C, Turbo Pascal, and Turbo Prolog are trademarks of 


Corporation. 
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Borland International inc. IBM and PC-DOS are trademarks of international Business Machines Corporation. Lattice C isa 
trademark of Lattice Inc. LetsC is a trademark of Mark Williams Company. Microsoft and MS-DOS are trademarks of Microsoft 
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C comments 


Dear Editor: 

Thanks much for the article on C opti- 
mization (“Efficient Programming with 
Optimizing C Compilers,” COMPUTER 
LANGUAGE, Aug. 1987, pp. 34-41). 
The authors did a good job of pointing 
out how tough C makes optimization, 
but I think there’s one thing they over- 
looked: typical C libraries include func- 
tions that implement pathological flow of 
control, namely setjmp() and longjmp/(). 
One can have been through almost arbi- 
trary stretches of code after what ap- 
pears to be the return from setjmp(), so 
one has the choice of either making the 
compiler know about particular magic 
function names, or taking the safe route 
and presuming that the return from a 
function call implies the end of a basic 
block. The latter alternative makes a 
travesty of data flow analysis. A study of 
C programs done at the University of Al- 
berta (static analysis of all the C source 
on a UNIX system there) showed that 
the mean distance between function calls 
is between one and two statements. 

James Jones 


Thomas Kelly responds: Thanks for the 
kind words on our article. You are cor- 
rect in observing that setjmp() and 
long(jmp) can create serious problems 
for optimizers. We did not discuss these 
issues in the article primarily because 
we were concerned about the article’s 
length. 

In our optimizer (PCO), we recognize 
a call on setjmp() and we don’t do trans- 
formations on the function that calls it. 
Since most programs that use setjmp() 
call it from one place, only one function 
is not optimized. Recognizing the call on 
setjmp() allows us to avoid “making a 
travesty of data-flow analysis” while 
still preserving the correctness of pro- 
grams that use setjmp(). It does have 
two problems, neither of which is serious 
in practice, 

First, the optimizer cannot detect a 


call to setjmp() if the call is made via a 
pointer dereference (for example, a 
pointer to setjmp() is passed as a param- 
eter). This use of setjmp() is very unusu- 
al, and we have never seen an actual 
case. A second possible problem is that 
if the programmer defines a routine 
called setjmp(), PCO will not optimize 
any function that contains a call to it. 
This too is uncommon. 

We'd like to point out that both these 
problems are addresssed in the latest 
draft of the proposed ANSI standard 
for C. The setjmp() library facility is a 
macro, so its address may not be taken. 
Also, all library names are reserved, so 
a compiler can assume that a reference 

is to the library and take special action. 


Peephole and NIP 


Dear Editor: 

I was pleased to see Richard Wilton’s 
“Peephole Optimization in Forth” 
(COMPUTER LANGUAGE Aug. 1987, 
pp. 43-46). Wilton did a good job ex- 
plaining some routes one can take opti- 
mizing Forth words for run-time speed 
and discussing where optimization tech- 
niques will or won’t help. Unfortunately 
he provides no source code for his opti- 
mizing word, and his verbal discussion 
misses a flaw that needs a caveat. 

Wilton points out.that SWAP DROP 
appears so often in Forth that the word 
NIP has become fashionable. He sug- 
gests that his optimizer might search for 
SWAP DROP and collapse it into NIP. 
This words fine until the optimizer 
encounters: 


.IF SWAP THEN DROP ... 

and compiles: 

wIF NIP THEN ... 

because THEN has no run-time behav- 
ior. Checking the stack depth can be 
fooled by: 

..IF SWAP THEN BEGIN DROP... UNTIL... 


and Heaven knows what disasters will 
follow. 


A simple but bad-tasting solution: If 
the right word is NIP, the programmer 
should write NIP. If the programmer 
writes SWAP DROP the compiler should 
take it at the programmer’s “words.” 
This compiles faster, too, but is hardly 
news to merit publication. I never cease 
to be amazed at how many attempts to 
improve Forth don’t really work. (Special 
thanks to Decom’s Forth Guru for tech- 
nical assistance with this letter.) 
Keith Al Wilson 
Software engineer 
Decom Systems Inc. 
San Francisco, Calif. 


Richard Wilton responds: Forth contains 
several flow-control constructs that work 
by compiling a branch address or offset 
into the list of addresses that makes up 
the body of a colon definition. As you 
imply, these need top be handled care- 
fully when a peephole optimizer is used. 
Otherwise, the optimizer may inadver- 
tently modify the destination of a flow- 
of-control branch. 

Consider your example: IF SWAP 
THEN DROP. This code compiles into 
a sequence of addresses that contains a 
branch to the compiled address of 
DROP: 


tranch if zerol branch | SWAP DROP 
! ! offset |! 1 1 


1 ce ee eee ee lh a a cs 


Clearly, if the peephole optimizer col- 
lapses the sequence SWAP DROP into a 
single reference to NIP, the branch off- 
set points nowhere. 

A Forth peephole optimizer can avoid 
such inadvertent changes to the logical 
structure of the compiled code by dis- 
abling the optimizer at selected points in 
the compilation of a colon definition. 
The compiler words BEGIN, END- 
CASE, THEN, and so on can be simply 
redefined so that they update a state 
variable that controls the function of the 
optimizer. For example: 

BEGIN 

[COMPILE] BEGIN 

BEGIN 


execute default 


Artwork: Anne Doering 


Optimizing ROMable C 


With Source Level Debugging on Your Target System! 


Optimum-C, the compiler known 
for its tight, highly-optimized code 
generation, produces completely 
ROMable code. Coupled with 
ROM support tools like ROMable 
standard function libraries, a 
remote debugger, pre-written 
startup routine, interactive ed- 
itor, and UNIX-style MAKE, 
Optimum-C will help you complete 
your project in record time. 


Optimum-C, the ROM 
developer’s choice 


Optimum-C has the features ROM 
developers require in a C compiler. 
These features include fast 
execution, multiple memory 
support, and 8087 support via 
inline code or emulation. 
Optimium-C also has understand- 
able error messages, one-step 
compiling, complete function 
prototyping, and inline 8086 I/O 
instructions. 


You’ve seen the ads: Datalight 
challenges Microsoft. Our C 
compiler expert Richard Relph saw 
the ads and sent for Datalight’s 
compiler. What he found when he 
began to test it must have given him 
mixed feelings. For the past two 
years Richard has been involved in 
developing the DD] sutte of 
benchmarks for C compilers. The 
Datalight compiler flattened those 
benchmarks, making them 
worthless. 

With the apparent glut of C 
complier suppliers vying for the 
MS-DOS market, it was only a 
matter of time before one of them 
decided to step above the crowd and 
provide a reliable optimizing C 
compiler. Datalight beat all others 
to the punch by delivering such a 
compiler February of this year. (Dr. 
Dobbs Journal, August 1987) 


ROM-it, The ROM 
Developer’s Kit 


ROM-it adds the functionality 
required by serious ROM develop- 


ers. ROM-z¢ includes pre-written 
start-up code for an embedded 
system to take the 8086 processor 
from a system RESET to executing 
C code. The library included has 
standard C functions that are usable 
in a ROM environment, without 
any hidden calls to MS-DOS or the 
BIOS. Lastly, the BLAZE Loca- 
tor/Intel hex file generator performs 
location of code and data while it 
checks for ROM overflows, illegal 
data access, and complete program 
location. 


Remote-DSD Source Level 
debugging on your target 
system! 


The Remote-DSD debugger allows 
you to debug your application on 
the target system. Remote-DSD 
runs on the PC and is connected to 
your target system via an RS232 
link. With Remote-DSD you 
download your application to the 
target hardware, modify initial 
values of variables before you start 
your application. The C source 
code appears on the PC showing 
you where execution will start. You 
can now execute or single step 
through your program, set break 
points, and access your target 
machine internals like I/O ports, 
registers, and memory. 
And lastly, Support! 

The product is only as good as the 
support. With DATALIGHT, you 
are covered here. You will get one 
hour of phone support for those 
needed answers. Also, you will get 
updates for one year, so you are 
always running with the latest 
versions. 


Pick up the phone and gain a 
powerful advantage. 
Call 
1-(800) 221-6630 


for complete details on how you can 
finish those ROM projects on time 
and without the bugs! 
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Magazine Reviewers Shocked by 
DATALIGHT’s Performance... 


“Reviewing this compiler was quite a 
surprise for us. For such a low price, we 
were expecting a “lightweight” compiler. 
What we got was a package that ts as good 
as or better than most of the “heavy- 
weights.” Datalight C implements a 
complete C' language. It also compiles 
quickly, doesn’t take up much disk space, 
and looks impressive in the benchmarks.” 

DR. DOBBS, August 1986 


“This 1s a sharp compiler!... what ts 
impressive is that Datalight not only stole 
the compile time show completely, but had 
the fastest Fibonacci executable time and 
had excellent object file sizes to boot!” 

COMPUTER LANGUAGE, February 1986 


Specifications 
Full UNIX V C compiler 
with ANSI extensions 
« Global optimizations using 
Data Flow Analysis 


od 


°° 


emulation 

Complete library source 

code 

« Multiple memory model 

support 

Interrupt handling in C 

Make utility 

EZ editor 

DLC one step compiling 

Start-up code for 8086 

ROMable library (without 

hidden MS-DOS calls) 

¢ BLAZE locator/Intel hex file 
generator 

¢ Source level debugging on 
the target system 

« View source code as it 

executes on target 

Access local variables 

« View 8086 machine 
internals 


Datalight 


17505-68th Avenue NE, Suite 304 
Bothell, Washington 98011 USA 
(206) 367-1803 
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8087/80287 support inline or | 


DISABLE-TCO; IMMEDIATE disable the 
optimizer 


The general problem of maintaining the 
integrity of compiled code during local 
optimization isn’t limited to Forth, of 
course. Thus, your point about this po- 
tential pitfall in the implementation of a 
peephole optimizer for compiled Forth 
code is well taken. 


Clarifying data structure 


Dear Editor: 

I have just received my August edition 
of COMPUTER LANGUAGE, scanned 
the cover and Table of Contents, and 
flipped directly to your “Programming 
on Purpose” column (COMPUTER 
LANGUAGE, Aug. 1987, p. 15). I have 
not even finished the column. I find I 
have the motivation and opportunity to 
write my first letter to a magazine offer- 
ing criticism and suggestions and seeking 
confirmation or further suggestions. 

To wit, I ask you to review your classic 
master file update merge code (page 17) 
side by side with my suggested alteration 
(Listing 1), considering the case of ex- 


read (T) 
read (M) 
WHILE (more T AND more M) ==> 
IF (T.key < M.key) (1) 
update (T,NULL) 
read (T) 
ELSE IF (T.key = M.key) (2) 
update (T,M) 
read (T) 
ELSE {M.key < T.key} (3) 
update (NULL,M) 
read (M) 
WHILE (more T) 
update (T,NULL) 
read (T) 
WHILE (more M) 
update (NULL,M) 
read (M) 
update (NULL,NULL) 


Listing 1. 


read (T) 
read (M) 
WHILE (T present and M present) 
IF (T.key < M.key) 
update (T, NULL ) 
read (T) = 
ELSE IF (T.key = M.key) 
update (T,M) 
read (T) 
ELSE {T.key > M.key} 
update (NULL,M) 
read (M) 
WHILE (more T) 
update (T,NULL) 
read (T) 
WHILE (more M) 
update (NULL,M) 
read (M) 
update (NULL,NULL) 


Structured Analysis breakthrough! 


THE FIRST COMPLETE 
SA SOFTWARE FOR 
UNDER $1,000 ciscoverthepowersi 


computer-aided Structured Analysis...Create specifications 
more efficiently, more accurately,... With feamwork/PCSA™ 
acomplete, automated SA tool for your PC for only $995. 


No other system includes these features for under $1,000: 

e Full support of Yourdon/DeMarco SA techniques ty 
¢ Easy-to-use mouse driven interface with pop-up menus ; 
e Includes integrated project data dictionary 

e Includes consistency checking and diagram balancing’ 

¢ Now also includes P-Specs, Postscript™ output, and 


new, easy tutorial 


Teamwork/PCSA runs on most |BM2-compatible PCs. 
It's used by leading developers at Boeing, AT&T, GE, HP, 
and Bank of America. And it’s the only PC-based software 
that offers you a growth path to the Teamwork family of 
CASE tools for real-time modeling, system design and life- 


cycle management. 


Cadre Technologies Inc. 
222 Richmond St. 
Providence, RI 02903 


IBM is a registered trademark of International Business 
Machines. Postscript is a registered trademark of Adobe 
Systems, Inc. 


DFD 6 = Structured Development 


FREE DeMarco Book! We'll give you | 


two reasons to order feamwork/PCSA today. ONE: 
you get a 30-day money-back guarantee, so there’s i 
absolutely no risk. TWO: Order now and we'll send you | 
Structured Analysis and System Specification 
by Tom DeMarco. It's the ‘Bible’ of structured analysis | 
and normally sells for over $40. And it’s yours free. For i 
details or to place your order, call or write today. i 
ll 


CALL (401) 351-CASE. 


North American prices only. Volume discounts available. CL-2 
On iin imc Fees es es ce ice bce nim 
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hen it comes to maintaining their most 

valuable asset, the leading software 
publishers rely on the POLYTRON Version Con- 
trol System (PVCS). From accounting firms to 
airlines, the leading service companies depend 
on PVCS to maintain the integrity of their pro- 
grams. Leading manufacturing companies use 
PVCS to maintain their state-of-the-art software. 
Leading high technology companies turn to 
PVCS to handle configuration management for 
software projects that represent an investment 
of hundreds of thousands of dollars. The largest 
aerospace companies and defense contractors 
use PVCS to maintain integrity of projects during 
development and after delivery of software. 
Independent programmers use PVCS to 
improve their productivity and software quality 
for themselves and their clients. 


Simplify 
Configuration Management 
When large and complex software programs are 
being developed on personal computers or VAX 
minicomputers, effective management of the 
revisions and versions becomes critical. PVCS 
simplifies this process and lets you effectively 
control the proliferation of code changes. We 
used UNIX SCCS and RCS as models. How- 
ever, our own experience, and the input of 
hundreds of programmers and managers has 
enabled us to significantly improve upon these 

models. 


PVCS provides many 
powerful functions including: 

e Storage & Retrieval of multiple revisions of text. 

e Maintenance of a complete history of changes. 

© Maintenance of separate lines of development 
using branching. 

e Merging simultaneous changes. 

e Resolution of Access Conflicts. 

e Modules can be retrieved by their own revision 
number, system version name, or specified 
date. 

e Uses “reverse deltas” to rebuild a prior version 
making PVCS the fastest version control 
system over the project life cycle. 

e Projects already under development or in the 


maintenance stage can be easily put under the 
control of PVCS. 


Manages Development On 
Local Area Networks 


Programming teams using Local Area Networks 
depend on PVCS to help the managers and 
team members work together. In fact, Novell and 
3Com themselves depend on PVCS to manage 
the versions of their own network software 
products. 


Supports MS-DOS 
and VAX/VMS Development 


Now, companies that develop software on VAX 
systems running VMS can also use PVCS. And 
since the VMS and MS-DOS versions of PVCS 
use the same “logfile” format, you can easily 
develop software on PCs and maintain the code 
on the VAX or vice versa. The menu-driven, 
screen-oriented interface (and optional 
command-driven interface) makes it easy for 
programmers and librarians or administrators to 
use PVCS on a PC or VAX or both systems. 


PVCS Maintains System 


“Integrity 
PVCS prevents corruption of code that could 
ordinarily result from security breaks, user care- 
lessness or malfunctions. The levels of security 
can be tailored to meet the needs of your project. 


PVCS & PolyMake 
Work Together 


PolyMake, the leading MS-DOS make utility, is 
now available for the VMS operating system. 
This allows you to write makefiles that will func- 
tion in both PC and VAX environments. Addition- 
ally, PolyMake reads time & date stamps of PVCS 
archives for fast, accurate program rebuilding. 


PVCS and PolyMake Maintain 
Source Code Written In 
Any Language. 


Only PVCS meets the needs of independent 
programmers and corporations. Once you stan- 
dardize on PVCS, the archives used to track and 
monitor changes are interchangeable between 
any PVCS product. You will receive full credit for 
your initial purchase if you upgrade to a higher- 
priced MS-DOS version of PVCS. 


Personal PVCS — Offers most of the power and 
flexibility of Corporate PVCS, but excludes the 
features necessary~for multiple-programmer 
projects. 


Corporate PVCS — Offers additional features to 
maintain source code of very large and complex 
projects that may involve multiple programmers. 
Includes multi-level branching to effectively main- 
tain code when programs evolve on multiple 
paths (e.g. new versions for different host 
systems, or anew program based on an existing 
program). 


Network PVCS — Extends Corporate PVCS for 
use on Networks. File locking and security levels 
can be tailored for each project. 


PVCS for VAX systems — Requires VMS. Uses 
the same interface and archive format as MS- 
DOS version. Supports branching and offers file 
locking and other security features for multiple- 
programmer projects. 


The Preferred 
Version Control System 


The customers listed below are just a few of the 
innovative leaders that have made PVCS the 
leading version control program for personal 


computers. 


Alcoa Aluminum 


Arthur Anderson IVAC 

AT&T Javelin 

Ashton-Tate Lattice 

Bank of America Lawrence Livermore 
Bell Labs Lotus : 
Bendix McData Corp. 

Boeing McDonnell Douglas 
CIGNA Mead Data Central 
Citibank MIT Lincoln Labs 
3Com Nastec 

Colonial Penn Novell 

Commerce Clearing House NCR Technologies 
Control DataCorp. _ Pitney Bowes 

Corvus Plexus Computers 
CXI Price Waterhouse 
Digital Equipment Corp. ROLM 

Deloitte Haskins + Sells Rockwell International 
Diebold Safeco 

Dow Sears 

Dunn & Bradstreet Security Pacific 

EDS Sperry 

Educational Testing Service Software Publishing 
E-Systems Spacelabs 

Equitable Life Standard Oil 

Federal Express Standard & Poors 
First Boston Tandem 

Ford Tektronix 
Fox.Software Telex 

Fujitsu Texas Instruments 
GTE Touche Ross 
Hardees Unisys 
Hewlett-Packard United Airlines 
Honeywell United Parcel Service 
Hughes Aircraft United Technologies 
IBM U.S. West og 


Industrial Networking 
Intel 


ISC Aerospace 


Westinghouse Electronics 
Xerox 


MS-DOS* 
PC/XTIAT 


Personal PVCS | $149 


Micro VAX II 


VAX 8xxx 


Corporate PVCS | $395 


— 


Network PVCS $995"* 


PolyMake $149 


$10,500+ 


Network 
PolyMake 


$447** 


$1,250 


$2,500+ 
ats 


“Compatible with MS-DOS 2.0 through 3.3. 
Compatible with the IBM PC/XT/AT & other 


MS-DOS PCs. 


**5 Station LAN License. Call for pricing 


on larger Networks. 


TO ORDER: 
VISA/MC 1-800-547-4000. 
Dept. No. 350. 

Oregon & Outside USA call (503) 645-1150. 
Send Checks, P.O.s to: POLYTRON 
Corporation, 1815 NW 169th Place, 

Suite 2110, Beaverton, OR 97006. 


=== OLY | RON_ 


High Quality Software Since 1982 
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actly one master record and one transac- 
tion record. I believe your code would 
fail to take the appropriate actions in the 
second and third cases described in your 
text, marked in the listing as (2) and (3) 

My suggested change (at “==>”) is 
based on my reading of “moreX) as “not 
the last X”; if “moreX” is read as “not 
end of file X” or even “X present” as I 
have written it, I would see no problem 
with the logic. I have found that clarity 
at this point is critical, whether in the 
“classic master file update” or in its ex- 
tension to more than two data streams. 

I just celebrated the beginning of my 
third decade in data processing, and I 
have had occasion to desk check or de- 
bug my own and colleague’s code for 
merges. In almost every case since I 
learned my first diagramming technique, 
I have found that charting of some kind 
helps and unless you program by luck, 
getting to the basics is required. 

Herschel M. Rothman 
: Brooklyn, N.Y. 


P.J. Plauger responds: I agree that your 
change is a more apropos mnemonic 
than mine. 


Shareware requests 


Dear Editor: 

In the July issue of COMPUTER 
LANGUAGE, Tim Parker ran a review 
of a shareware product that we devel- 
oped (Public Domain Software Review, 
“Software metrics and EDDY,” COM- 
PUTER LANGUAGE, July 1987, pp.85- 
89). We have received a number of 
requests for the program since the review 
was published. We have been sending 
copies to people for a modest shipping 
and handling charge. 

I understand that a number of your 
readers have been asking about the pro- 
gram on CompuServe. For that reason, I 
am enclosing a disk with the METRIC 
distribution files for uploading to your 
magazine’s CompuServe area and your 
Bulletin Board Services. 

Warren Harrison 

Vice president 

SET Laboratories Inc. 
Portland, Ore. 


Curses! 


Dear Editor: 

After reading Mark Davidson’s review 
of two Curses Libraries (Software Re- 
views, “Curses!,” COMPUTER LAN- 


A Different BASIC Might 


Make All the Difference 


We’ll skip the four-color gatefold. And the extravagant claims. 
Because if you’re serious about programming, you just want the straight facts: 


GRAPHICS 
Supports Hercules Graphics 


True Microsoft Borland 
BASIC Quick Basic Turbo Basic 
2.01 3.0 2.0 


NO 


Device-Independent Graphics Syntax 
User-Defined Coordinates 
Matrix Graphics Coordinates 
ARRAY HANDLING 

Matrix Algebra 
Maximum Numeric Array 


Max. Number of Array Dimensions 


YES NO 


LIMITED 
NO 


LIMITED 
NO 


UNLIMITED 64K 


Max. Number of Elements/Dimension 


STRING/FILE HANDLING 


PRODUCTIVITY ENHANCERS 


SPECIAL FEATURES 
Stop/Continue Execution 


Dynamic Redimensioning 
Matrix I/O Statements 


Separately Compiled Libraries LIMITED 


Workspaces 
Immediate Mode 


255 63 
ae 32K 


NO 


Max. Source File 


aS | UNLIMITED 64K 


Script Files 


YES NO NO 


Keystroke Macros 


YES NO NO 


Max. Characters/Line 


Max. Scalar Data Space 


Mouse Support 


80386 Version 


Portability to: 


64K 255 char. 249 char. 
UNLIMITED 64K 64K 
| YES NO NO 
YES NO NO 

Macintosh, Translation No other 

Amiga, Atari ‘required machines 


Three very structured, very powerful programming packages. All 
with fancy editors and fast compilers. Two of them are the same in 
other respects. And one of them, True BASIC, is quite a bit 
different. With syntax and features that will make you more productive. 


That’s why reviewers for magazines like BYTE, PC Tech Journal and 
Computerworld keep giving True BASIC their top 


marks. And why OEMs pick: True BASIC after 
they’ve evaluated all the others. 
BASIC can make the difference for you. 


Call 1-800-TRBASIC today. 


True BASIC, Quick Basic and Turbo Basic are trademarks of True BASIC, Inc, Microsoft 
and Borland, respectively. Macintosh, Amiga and Atari are trademarks of Apple Computer, 
Inc., Commodore-Amiga, Inc. and Atari Corporation. Copyright 1987 True BASIC. 


Specifications are accurate as of August 1987. 


See why True 


IC 


39 SOUTH MAIN STREET 
HANOVER, N.H. 03755 
(603) 643-3882 
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Ideals J 


But TI lea st The 

What follows is the time consuming task of giving 
form and function to the idea. 

That’s why we concentrate on building into our soft- 
ware development systems functions and features 
that help you develop your software ideas in less time 
and with less effort. 

We've started 1987 by releasing new versions of 
our MS-DOS, Macintosh, Amiga, ROM, and Apple // 
C development systems. Each system is packed with 
new features, impressive performance, anda little bit 
more genius. 


New | 
Superior Wea. a powerful new array ot fea- 
tures and utilities, and pricing that is unmatched 
make the new Aztec C86 the first choice of serious 
software developers. 


Aztec C86-p Professional System . . . .$199 
° optimized C with near, far, huge, small, and large 
memory + Inline assembler + Inline 8087/80287 + 
ANSI support + Fast Float (32 bit) + optimization 
options ¢ Manx Aztec 8086/80x86 macro assembler 
e Aztec overlay linker (large/small model) * source 
level debugger @ object librarian ° 3.x file sharing & 
locking © comprehensive libraries of UNIX, DOS, 
Screen, Graphics, and special run time routines. 


Aztec C86-d Developer System...... $299 
e includes all of Aztec C86-p © Unix utilities make, 
diff, grep ¢ vi editor © 6 + memory models ¢ Profiler. 


Aztec C86-c Commercial System..... $499 
e includes all of Aztec C86-d © Source for library rou- 
tines © ROM Support ¢ CP/M-86 support ¢ One year 
of updates. 
Aztec C86 Third Party Software 

A large array of support software is available for 
Aztec C86. Call or write for information. The follow- 
ing is a list of the most requested products: e Es- 
sential Graphics e C Utility Library e Curses e 
Greenleaf Communication, General, and Data Win- 
dow e Halo e Panel+ e PC-lint ¢ PforCe @ Pre-C @ 
Windows for C e Windows for Data e C terp @ 
db_Vista e db-Query e Phact e Plink-86 Plus e c- 
tree @ r-tree e Pmate 


en/ 


on 
P T R RS-80 ® oUC 


C compiler, 8080/Z80 assembler, mes ibenehs 


UNIX libraries, and specialized utilities. 

Aztec C ll-c (CP/M-80 & ROM)........ $349 
Aztec Cll-d (CP/M-80)........2..05: $199 
Aztec C80 (TRS-80 3&4).........065 $199 


“Our thanks to NASA for supplying this compuet enhanced ultraviolet photo taken by Skylab IV of asolar prominence ce reacting out 350, 000 miles above the sun’s surface 


Genius Begins With A Great idea... 


Amiga user groups across the USA voted Aztec 
C68k/Ani release 3.3 the best Software Development 
System for the Amiga. Release 3.4 is more impres- 
sive. 


Aztec C68k/Am-p Professional ...... $199 
A price/feature/performance miracle. System in- 
cludes: optimized C * 68000/680x0 assembler ° 
68881 support © overlay linker UNIX and Amiga 
libraries ° examples. 


Aztec C68k/Am-d Developer ........ $299 
The best of Manx, Amiga, and UNIX. System in- 


H cludes: all of Aztec C68k/Am-p the Unix utilities 


make, diff, grep and vi. 


Aztec C68k/Am-c Commercial....... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


For code quality, reliability, ad solid professional 
features, Aztec C for the Macintosh is unbeatable. 
This new release includes features and functions not 
found in any other Macintosh C development system. 


Aztec C68k/Mac-p Professional...... $199 
e MPW source level compatibility e TMON, 
MACSBUG, AND MACNOSY support ¢ pow- 
erful symbolic debugger © optimized C e 
68000/680X0 assembler 68881, EEE, and 
SANE support e overlay linker e UNIX and 
Macintosh libraries e mouse editor e examples 
Aztec C68k/Mac-d-Developer........ $299 
The best of Manx, Macintosh, and UNIX. System in- 
cludes: all of Aztec C68k/Am-p © the Unix utilities 
make, diff, grep e vi editor. 


Aztec C68k/Mac-c Commercial ...... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


Aztec C65 is the only commercial quality C com- 
piler for the Apple Il. Aztec C65 includes C compiler, 
6502/65C02 assembler, linker, library utility, UNIX li- 
braries, special purpose libraries, shell development 
environment, and more. An impressive system. 


Aztec C65-c Commercial ........... $299 
e runs under ProDOS ° code for ProDOS or DOS 3.3 
Aztec C65-d Developer.........+..- $199 


e runs under DOS 3.3 ¢ code for DOS 3.3 


wii? Ub ee 


Manx Software Systems 
1 Industrial Way, Eatontown, NJ 07724 


PHACT TM PHACT Assoc., PRE-C. 


An IBM or Macintosh i is not only a less exports 
way to develop ROM code, it’s better. Targets include 
the 6502/65C02, 8080/Z80, 8086/80x86, and 680x0. 

Aztec C has an excellent reputation for producing 
compact high performance code. Our systems for 
under $1,000 outperform systems priced at over 
$10,000. 


Initial Host Plus Target............: $750 

Additional Targets .........00eee0s $500 

ROM Support Package............. $500 
Vi Vax, : & Sul iF PDP-11 ROM | i] 4OSTS 


Call for information on Vax, PDP-11, Sun and otter 
host environments. 


the price. They are earlier versions of Aztec C that 
originally sold for as much as $500. Each system 
includes C compiler, assembler, linker, librarian, 
UNIX routines, and more. Special discounts are 
available for use as course material. 


CO PHIMG tie a'esccaie cata amen $75 


Azte 


ss De 


velopn 


Most Aztec C systems are available as cross devet 
opment systems. Hosts include: PC/MS-DOS, Mac- 
intosh, CP/M, Vax, PDP-11, Sun, and others. Call for 
information and pricing. 


How To Becor 

To become a user call 800-221- 0440. From Nd or 
international locations call 201-542-2121. Telex: 
4995812 or FAX: 201-542-8386. C.0.D., VISA, 
MasterCard, American Express, wire (domestic 
and international), and terms are available. One 
and two day delivery available for all domestic and 
most international destinations. 

Aztec C is available directly from Manx and from 
technically oriented computer and software stores. 
Aztec Systems bought directly from Manx have a 30 
day satisfaction guarantee. 

Most systems are upgradable by paying the differ- 
ence in price plus $10. Site licenses, OEM, educa- 
tional, and multiple copy discounts are available. 


To order or for more information call intay: 


Fara a - 


InNJ rorinterniational call (201). 542- -2121 eTELEX: 4995812 


MS is a registered TM of Microsoft, Inc., CP/M TM DRI, HALO TM Media Cybernetics, PANEL TM Roundhill Computer Systems, Ltd., 
Plink-86, Plink-86 + , P-Force TM 


Phoenix, db Vista TM Raima Corp., C-terp, PC-lint, TM Gimpel Soft- 


ware, C-tree TM Faircom, Inc., Windows for C, Windows for DATA TM Creative Solutions, Apple II, Macintosh TM Apple, Inc., TRS-80 TM 
Radio Shack, Amiga TM Commodore Int'l., Unix TM AT&T, Vax TM DEC, Aztec TM Manx Software Systems. 
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GUAGE, June 1987, pp. 144-149), I 
thought your readers might be interested 
to learn about another version of Curses 
that is now being distributed as 
shareware. 

In the process of porting some soft- 
ware from UNIX to the PC, I ended up 
writing a subset of curses library. Before 
long, I had expanded the set to almost 
full UNIX System 5 compatibility. After 
receiving a number of requests for the 
package, I decided to distribute it as 
shareware. 

PC Curses is compatible with Micro- 
soft C v. 4.0 and will run on any IBM 
PC compatible running DOS 2.0 or 
greater. The distribution includes com- 
plete small and large model libraries, and 
source code is available to users who reg- 
ister. If any readers are interested in ob- 
taining a copy, they can do so by sending 
me one 5%4-in. floppy along with a mail- 
er, return label, and postage (or $5) to: 
Jeffrey Dean, 710 Chimalus, Palo Alto, 
CA 94306. Readers outside the U.S. 
should write for information. 

Jeffrey Dean 
Palo Alto, Calif. 


Compiler corrections 


Dear Editor: 

With the information you published in 
the features chart about our Cogent Pro- 
log Compiler (Software Reviews, “Death 
by 1000 cuts: PROLOG on the PC,” . 
COMPUTER LANGUAGE, July 1987, 
pp. 107-128), we noticed a few factual 
errors that we would like to correct: 

@ The table indicates the compiler sup- 
ports direct access files but the inter- 
preter does not. This is false. Both supply 
identical random access file predicates. 
w Exception handling. Both the compiler 
and interpreter permit a user to define 
his/her own predicates to intercept error 
and signal (Ctrl-Brk) conditions. Yet the 
table indicated a ‘no’ in the exception 
handling box. 

@ The chart states the compiler does not 
support tail recursion optimization. This 


LISP features 


Dear Editor: 

The only exception to Richard Parke’s 
favorable comments concerning mu- 
LISP-86 (Software Reviews, “LISP PC 
products: Survival of the species,” COM- 
PUTER LANGUAGE, July 1987, pp. 
137-142) was that it could take advan- 
tage of “only 512K of memory.” As 
Parke mentioned near the end of the ar- 
ticle, muLISP-87 is now available. It 
provides many new features including 
CGA and EGA graphics, object-oriented 


Cross—Reference 
of Programming? 


programming using Flavors, and a flexi- 
ble window manager and user interface. 
However, he failed to say that the ’87 
version of muLISP breaks the 512K 
memory restriction and allows for large 
AI programs requiring as much as 500 
pages (25,000 lines) of LISP source code 
on a 640K PC. 
Albert D. Rich 
President 
Soft Warehouse Inc. 
Honolulu, Hawaii 


in the Middle 
order 


SO-SHELL 


With XO-SHELL, while you are in an application, 


You can display any file, transfer any section of that file for printing, 
or transfer it to the keyboard for inputting into your editor. 


You can print files while running an application. You can include a header 
line, containing current date, title, file name, file creation date and 


page number on every page of a list. 


You can search strings from a file or group of files that you specify; 
you can cross-reference in the middle of programming by searching 
variables from source files. You can specify files directly froma 


scrollable directory display. 


You can create or edit files. 


You can input any IBM-PC character as easily as you input regular ASCII 
characters. You can easily draw vertical or horizontal lines by choosing 
graphics characters from a pop-up window. 


You can obtain the key code of any key combination without looking up a 


reference. 


You can collect the application's screen displays in a file and later 


edit or review them. 


Directly from a scrollable directory display, you can view files, copy 
files,>erase files, change the default directory, and, when not in an 


application, execute programs. 


You can retrieve, edit and reexecute previous DOS commands. 


You can use XO-SHELL as a memory resident or as a temporary help. 


is false. In fact the compiler supports a 
far more general form of optimization 
(“last call elimination”), which does not 
require the firial predicate be the same as 
the head of the clause in order for opti- 
mization to occur. 


XO-SHELL works with most editors (such as Turbo PASCAL, Turbo C, Turbo BASIC, and 
Quick BASIC editors) and application software. To add convenience and productivity to 
your application, order XO-SHELL now. Just send $69 plus $5 for shipping and handling. 
Be sure to include your name, address and phone number. For Visa or Master Card orders, 
include card number and expiration date; or call 


1-800-635-5011 (outside may. 


XO-SHELL runs on IBM-PC's, XT's, AT's, PersonalSystem/2's and true compatibles. 
It occupies 85KBytes of memory space and requires PC/MS-DOS 2.0 or higher. 


WYTE CORPORATION 

Wt | 701 Concord Avenue 

™ Cambridge. MA 02138 
LUVTE Tel. (617) 868-7704 


Turbo PASCAL, Turbo C and Turbo BASIC are trademarks of Borland International, 
and IBM-PC, XT, AT, PersonalSystem/2, PC-DOS are trademarks of IBM corporation. 
MS-DOS, Quick BASIC are trademarks of Microsoft Corporation. 


Dr. Alan Littleford 
President 

Cogent Software, Ltd. 
Framingham, Mass. 
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WRITE FASTER 
IN ANY LANGUAGE. 


If you develop software 
for any product based 

on an Intel microcontroller 
or microprocessor, includ- 
ing the 80386, the unique 
debug hooks in the Intel 
languages will help get the 
job done faster. 

In fact,when used with 
Intel debuggers and emu- 
lators, Intel development 
languages can provide 
more debug data than any 
other high-level language. 
Debug hooks let you 


symbolically 
debug in the —— 
same high-level language 
you wrote in without hav- 
ing to deal with machine 
or hex code: Which means 
80.386 reads as 80.386, 
not 50 62 DO C5. 

Because the location 
of both code and data are 
easily specified with our 
locator, it is easier for you 
to develop ROM-based 
firmware. 

Since Intel languages 


produce identical object When you buy an Intel 
code regardless of the host, language, you have access 
you can write code at a to our customer hotline. 
PC running DOS, a VAX? — So if you ever have a ques- 
VMS terminal, oran Intel — tion you can talk cigecty 
Developmen to a trained 


Different ” 
members applications specialist who 
ofthesame understands our products. —-— 
design team can therefore And can give you the right 
choose the most effective answers. Faster. 
combination of languages _To order today, or get 
and systems to get the job _ more information—includ- 
done faster. ' inga free catalog of our 
Intel post-sales support development tools—call 

can also help you get toll-free 1-800-87-INTEL. 


the job done faster. We in- The sooner you call, the 
vented the microprocessor. faster youll get the job done 
We know mictoprocessors 

and languages for Intel intel 
architectures better than 


anyone else . © 1986 Intel Corporation 


*VAX is a registered trademark of Digital Equipment Corporation. 
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WINDOWS FOR DATA" 


The first choice 
of professional 
C programmers 


“Windows for Data is the best 
programming tool I’ve ever used. 
It’s the most flexible I've seen. 
Whenever I’ve wanted to do something, 
I've been able to find a way” 


Professionals choose our tools because 
they are designed, crafted, and supported 
for professionals. Here at Vermont Creative 
Software, we understand that performance 
and pleasure in programming derive 
from more than a long list of functions. 
Windows for Data provides: 


PROFESSIONAL FLEXIBILITY: 
Our customers repeatedly tell us how 
they've used WFD in ways we never imagin- 
ed - but which we anticipated by designing 
WED for unprecedented adaptability. Vir- 
tually every capability and feature can be 
modified to meet special needs. You will be 
amazed at what you can do with WFD. 


PROFESSIONAL PERFORMANCE: 
Screen output is crisp and fast. Windows, 
menus, and data-entry forms snap up and 
down from the screen. WFD is built upon 
and includes Windows for C, the win- 
dowing system rated #1 in speed and 
overall quality in PC Tech Journal (William 
Hunt, July 1985). 


PROFESSIONAL RELIABILITY: 
An unreliable tool is worse than no tool at 
all. VCS products are known in the industry 
for their exceptional reliability. Ask anyone 
who owns one. 


PROFESSIONAL DOCUMENTA- 
TION: Over 600 pages of documentation 
provide step-by-step explanations for each 
major application, a reference page for each 
function, listings of functions alphabetical- 
ly and by usage, and a fully cross-referenced 


Steven Weiss, 
Stratford Systems 


index. Extensive tutorials and demonstra- 
tion programs assist learning. 


PROFESSIONAL TECHNICAL 
SUPPORT: The same expert program- 
mers that develop our products provide 
prompt, knowledgeable technical support. 


PROFESSIONAL PORTABILITY: 
High-performance versions of VCS 
products are available for XENIX, 
UNIX, and VMS, as well as DOS. No 
royalties on end-user applications. 


OUR CHALLENGE AND 
GUARANTEE 
If you have an application where no 
other tool can do the job, try Windows 
for Data. If it doesn't help you solve 
your problem, RETURN FOR A FULL 
REFUND. YOU MUST BE SATISFIED. 


Ask for FREE DEMO DISKETTE 


Vermont 
Creative 

Software 
21 Elm Ave. 


Richford, VT 05476 
Telex: 510-601-4160 VCSOFT 


Tel.: 802-848-7731 


Prices: PCDOS* $395; XENIX, VMS, UNIX Call. 
*PCDOS specify C compiler. 


ell 
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WINDOWS FOR DATA | 


for DOS, UNIX, VMS ... 
The complete windowing data entry, menu, 
and help system that does the hard job 
others.can't — we guarantee it! 


Pop-up data entry windows; field types for 
all C data types, plus decimals, dates, and 
times; auto conversion to and from strings 
for all field types; system and user supplied 
validation functions; range checking; re- 
quired, must-fill, and protected fields; free- 
form movement; multiple-choice field entry; 
scrollable sub-forms. Branch and nest win- 
dows, forms, and menus. 


Complete context-sentitive help system 
with pop-up windows and scrollable text. 


Pop-up, pull-down, scrollable, and Lotus- 
style menus. 


NEW FOR DEBUGGING: Exclusive 
VCS Error Traceback System auto- 
matically identifies the location and 
cause of program errors. Eliminates the 
need to code error checks on all function 
calls! VCS Memory Integrity Check- 
ing helps catch those hard-to-detect, 
memory-corruption errors. 


NEW FOR ERROR HANDLING: In- 
stall your own error handler to be called 
whenever a function detects an error. 


NEW FORM LAYOUT UTILITY sim- 
plifies form design. 
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Method. 


~ Order-to-chaos design. 


Description. 

Order-to-chaos design deals with the 
problem of looking up an arbitrary se- 
quence of items in an ordered collection 
of data. The result of each search may 
be to insert, delete, replace, or simply 
read all data from the collection that sat- 
isfies a predicate. The predicate is gener- 
ally applied to the lookup item and the 
data in the collection. It may also involve 
the position of the data in an ordered 
collection. 

The name is derived from the assump- 
tion that lookup data is much less or- 
dered than the collection of data. 

Numerous techniques exist for order- 
ing and searching collections of data, 
with various trade-offs among access 
time, update ease, and storage space. 
Common to all techniques, however, is 
the need to encapsulate all accesses in a 
minimal set of cooperating modules. 


Documentation. 

Data-linkage diagrams show the paths 
along which a collection of data can be 
searched. Data-structure diagrams docu- 
ment the composition of the data. Mod- 
ule specifications describe all access 
functions. 


Limitations. 


- If you guess wrong about the pattern of 


accesses, you may impose inappropriate 
structure on the data. Encapsulating a 
data collection with a trivial pattern of 
accesses may introduce higher coupling 
than necessary. 


everal columns 
BE, )'> back, in “Order 
out of chaos” 


(Programming on Purpose, COM- 
PUTER LANGUAGE, Mar. 1987, pp. 
13-19), I discussed sorting. I talked 
about why sorting falls into a special 
category of programming. I discussed a 
few approaches to sorting and gave my 
usual sermon about why you should 
avoid writing your own sorting code. The 
one thing I failed to do was discuss why 
you might want to sort in the first place. 
Several people wrote letters about that 


==)» PROGRAMMING 
» ON PURPOSE 


Chaos out of order 


By P.J. Plauger 


column. I botched some arithmetic in 
combinatorics and got a test “wrong way 
‘round” in an algorithm. That was plenty 
of fuel for programmers who delight in 
catching their brethren out on matters of 
verifiable fact. (What can I say? I’ve 
been known to.indulge in the same pas- 
time myself.) 

There was not a single complaint, 
however, that I failed to justify the need 
to discuss sorting. I have become sensi- 
tized to issues of this nature lately as 
president of a software company selling 
in an increasingly competitive 
marketplace. 

As I learn more and more about mar- 
keting, I have learned to distinguish be- 
tween features and benefits. What is a 
feature? It is a gadget, a refinement, a 
characteristic of the product that the 
vendor chose to add because it was fun 
to do, it seemed like a good idea, and/or 
the need for it was obvious (at least to 
the vendor). Features are described in 
the fine print in ads written by techies to 
clutter (and pay for) publications like 
this one. 

What is a benefit? It is a gadget, a re- 
finement, a characteristic of the product 
the buyer wants because it is fun to have, 
it seems like a good idea, and/or the 
need for it is obvious (at least to the buy- 
er). The absence of clear benefits in ads 
and product documentation makes for 
annoying reviews that clutter (and justi- 
fy) publications like this one. 

I trust the distinction between features 
and benefits is now clear. If the vendor 
puts it in the product, it’s just a feature. 
Only if the buyer knows it’s there, what 
it’s for, and why it might make life bet- 
ter is it a benefit. If you paint the prod- 
uct orange, it’s a feature. If the buyer 
knows that painting the product orange 
reduces eyestrain and improves worker 
productivity, it’s a benefit. If the product 
fits in a shoebox, it’s a feature. If the 
buyer knows that your smaller product 
will cut shipping costs and the need for 
warehouse space, it’s a benefit. You get 
the drift. 

However, it is easy to lose track of the 
distinction. Once you become immersed 
in your trade, you associate more and 
more with people who share your pecu- 
liar culture and vocabulary. Features 
automatically turn into benefits. You for- 


get that a significant portion of your cus- 
tomer base has only casual contact with 
your area of expertise, and they want to 
keep it that way. That’s how you end up 
with ad copy that reads something like: 
“The doors are blue with green diagonal 
stripes, and you know what that means!” 

When you buy a vacuum cleaner, for 
example, you probably don’t want to re- 
search the current state of the art of suc- 
tion engineering. You may dig up a 
recent Consumer Reports article, but 
that’s about the limit of interest for the 
average civilian. Mostly, you want some 
assurance that the model you pick has 
the trade-off you want between economy 
and quality, is appropriately priced, and 
meets or exceeds industry averages for 
performance. That’s about it. 

What does all this have to do with 
software in general and sorting in par- 
ticular? Plenty. If you are a serious pro- 
grammer, one who is programming on 
purpose, you are in a competitive mar- 
ketplace. Time is your principal asset and 
complexity your bane. You don’t waste 
time adding complexity to the products 
you make just because it’s fun or seems 
like a good idea. There must be an obvi- 
ous, measurable benefit to everything 
you do. 

Sherlock Holmes went one step far- 
ther. He refused to learn about anything 
that was not of obvious application to his 
trade. He once told Watson that whether 
the earth revolved around the sun or the 
sun around the earth was of no interest 
to him. He chose not to clutter his mind 
with facts that did not help him solve 
cases. I don’t know whether Arthur 
Conan Doyle actually espoused this ap- 
proach to life or whether he described 
this incident just to shed further light 
upon the fascinating character of 
Holmes. It certainly shows a professional 
dedication that is extremely benefits 
oriented. 


ou can learn all 
come >> sat at dias 
about sorting and 


apply them at the least excuse to every 
program you write. But unless you have a 
good reason every time you reorder data, 


(¥ Professional C function library 


(¥ 30 day money back guarantee 

( Multiple bullet proof windows 

(f Easy full screen data entry 

jf Unlimited data validation 

Context sensitive help manager 

(f Menus like Lotus and Mac 

( Programmable keyboard handler 

( Text editor routines 

( No royalties or runtime fees 

(f Library source included FREE 

(f Free technical support 

W Free BBS at (214)418-0059 

Supports all major compilers 
including Microsoft 5.0 


( VCScreen code generator too! 
UNIX version available, 
call for details 


you are focusing on the feature instead of 
the benefit. And when you think about it, 
the only reason for sorting data is to 
make it easier to search for something 
later. ; 

If you’re never going to look at the 
data again, there is no need to sort it. If 
you don’t care what order you consider 
the data in in the future, there is no need 
to sort it. Only when you need to revisit 
the data and you perceive a need to re- 
duce the cost of access for certain pat- 
terns of queries does sorting pay off. 

Sorting, therefore, is a prelude to 
searching. Or, on the contrary, searching 
is an epilogue to sorting. You need to 
consider both operations to make proper 
design decisions about either. Of course, 
you must be sure of a measurable benefit 
from any searches or sorts you do. 

Let’s assume you have a legitimate 
need to search a collection of data from 
time to time. This imposes at least three 
obvious constraints on how you represent 
the data: you have to know how to find it 
all, you have to know when you’ve found 
what you’re looking for, and you have to 
be able to do what you want to do with 
the data once you’ve found it. You must 
satisfy these three constraints irrespec- 
tive of any performance goals; otherwise 
you can’t do the job at all. 

To see how the constraints interact, 
consider a simple situation. You have a 
list of several hundred customers. To ac- 
cess it from a computer program, you 
must put the list in machine-readable 
form. The easiest way to do this is to use 
a text editor to produce a sequential text 
file. You need some sort of delimiter to 
separate customer records—for small 
enough records you can type one-line re- 
cords and use the line terminator as a 
delimiter. To look up a customer by 
name, for instance, you need a program 
that reads the customer file one line at a 
time, knows which part of the line con- 
tains the customer’s name, and does a 
comparison between the search name and 

* the customer’s name. 

Scanning the file from front to back to 
get the goods on any particular customer 
is easy. Adding customers is easy if you 
add them at the end of the file. Deleting 
customers is tiresome—you must either 
rewrite the file to percolate down records 
after the deletion or have some way of 
marking certain records as dead. If you 
choose the latter course, you must plan 
to squeeze out the dead records periodi- 
cally before wasted disk space and longer 
access times become a problem. But 
these are performance issues. 

The point is you can do everything you 
have to do with this simple organization. 
You can also allocate a fixed amount of 
space for each customer record, large 
enough to hold the largest record. That 
would make it easier to delete records: 
move the last record into the hole and 
shorten the file by one record. 


If you perform a lot of deletions, it 
might make sense to trade off extra disk 
space this way for a simpler deletion al- 
gorithm. It would also open the door for 
various speedups since it is much easier 
to locate and rearrange fixed-length re- 
cords than varying-length ones. Once 
again, however, we are talking perfor- 
mance. Switching from varying-length to 
fixed-length records is not necessary to 
do the job, just (possibly) to do it better. 

To know if you can do the job better, 
you have to know what the job is. As I 
stated earlier, you must know how to lo- 


cate existing data (or decide where to 
put new data) and be able to operate on 
the data. Locating data involves examin- 
ing data until you have satisfied some 
predicate: you are looking for a particu- 
lar datum, part of whose contents (the- 
search key) matches a pattern provided 
as part of the search; or you are looking 
for an extremum, that datum whose 
search key is smallest (or largest) among 
the relevant data in the collection. 
Operations on a collection of data can 
be characterized as insertions (adding 
new data), deletions (discarding existing 
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UNDER THREE MINUTES. 
GUARANTEED. 


T hat's right. Saywhat, the lightning-fast screen 
generator, lets you build beautiful, elaborate, 
color-coded screens in minutes! We're talking 
about incredible screens for menus, data entry, 
data display, and help-panels that can all be dis- 
played with as little as one line of code in any 
language. Even batch files. 

With Saywhat, what you see is exactly 
what you get. And response time is snappy and 
crisp, the way you like it. That means screens 
pop up instantly, whenever and wherever you 
want them. 


THE PERFECT TOOL FOR PROGRAMMERS. 


Whether you're a novice programmer long- 
ing for simplicity, or a seasoned pro searching 
for higher productivity, you owe it to yourself to 
check out the all-new Version 3.6 of Saywhat. It 
offers full monochrome emulation and lets you 
build your own elegant; moving bar menus into 
any screen. (They work like magic in any 
application, with just one line of code!) You can 
also combine your screens into powerful screen 
libraries. And Saywhat'’s remarkable VIDPOP 
utility gives all languages running under PC/MS- 
DOS, a whole new set of screen handling com- 
mands — languages like dBASE, Pascal, BASIC, 

C, Modula-2, FORTRAN, and COBOL. (You can 
make VIDPOP resident and available at all times, 


MONEY-BACK GUARANTEE 
If you aren’t completely delighted with 
Saywhat, return it within 30 days for a 
prompt, friendly refund. 


or run it non-resident, transparently, with your 
favorite application). 

With Saywhat we also include a bunch of 
terrific utilities, sample screens, sample programs, 
and truly outstanding technical support, all at 
no extra cost (Comprehensive manual included. 
Not copy protected. No licensing fee). 


ORDER NOW. YOU RISK NOTHING. 


Thousands of satisfied users already know 
that Saywhat can make screen design and pro- 
gramming a pleasure, not a chore. Why not call 
toll-free, right now and put Saywhat to the test 
yourself? The next time you sit down to create 
a screen, we guarantee 
you'll be glad you did. 


$49.95 


(Plus $5 shipping and handling) 


i gic: Oe ee eae 


I want to try your lightning-fast screen generator To order: 
[ so send me copies of Say what ($49.95 plus Call toll-free 
$5 shipping and handling) subject to your money-back guarantee. 800-468-9273 | 
Name In California: 
| Addtess 800-231-7849 | 
In Canada 
| city State Zip 800-663-9361 
OCheck enclosed OShipC.0.D. O Credit card International: s | 
415-571-5019 
| us Exp. date The Research Group | 
4 88 South Linden Ave. 
Signalite South San Francisco, CA 94080 
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Discover how powerful—and 
inexpensive—PC symbolic program- 
ming can be with PC Scheme from 
Texas Instruments. Whether you're an 
experienced Lisp programmer or just 
beginning, PC Scheme is the complete, 
$95* solution to your software 
development needs. 

PC Scheme combines elegant 
simplicity with remarkable speed in a 
full Lisp development system. Named 
PC Tech Journal’s Product of the 
Month (August 1986), PC Scheme 
brings professional Lisp programming 
features to personal computers. 


261933A 
© 1987 Texas Instruments Incorporated 


t less than 
$100, this is 
easily the best 
buy in Lisp 


systems for PCs.” 


PC Scheme 3.0 


gts, 


—Optimizing incremental byte-code 


compiler for ease of programming . 


and operation 

—EMACS-like editor 

—Lexical scoping of variables 

—Ability to suspend PC Scheme, 
execute DOS-based programs, then 
return to PC Scheme 

—Randomile access and binary-file 
support 

—Extensions for debugging, graphics 
and windowing 

—External language interface to C, 
Turbo Pascal® and other languages 

—SCOOPS (Scheme Object- 
Oriented Programming System) 

—Two-megabyte extended/expanded 
memory support 

—New manuals with tutorials and 
examples 


Find out for yourself why experts are 
praising PC Scheme. For the dealer 
nearest you, or to order by phone, call 
toll-free: 


1-800-527-3500 


* TI Suggested list price 

PC Scheme runs on IBM® Personal Computers and compatibles 
(including the Texas Instruments Business-Pro™ computer). 
Minimum configuration: 512K RAM, dual floppy system. 


Turbo Pascal is a registered trademark of Borland International. 
IBM is a registered trademark. of International Business Machines 
Corporation. Business-Pro is a trademark of Texas Instruments 


Incorporated. 


TEXAS 4 
INSTRUMENTS 


data), replacements (discarding existing 
data and inserting new data in its place), 
or reads (examining existing data). 

All data collections are read from time 
to time. (Otherwise, why bother keeping 
the data?) Once initially constructed, 
however, different data collections may 
require different combinations of inser- 
tions, deletions, and replacements, in- 
cluding none at all. You may speed up 
insertions and reads, for instance, by 
switching to a data organization that is 
miserable at deletions. This could lead to 
simpler code if deletions never occur or 
to better overall performance if deletions 
are rare. Or you may know that you will 
only delete the smallest datum at any 
given time so you can choose an organi- 
zation that favors this operation at the 
cost of others. 

The point is you need to be certain 
that one or more of these operations will 
never occur before you can safely omit 
the code that supports the operation. 
And you need some reliable conjecture 
about the pattern of possible operations 
before you can make wise performance 
trade-offs. Once you have that reliable 
conjecture, you will find that the litera- 
ture abounds with methods for organiz- 
ing data. (I just read the last two years’ 
worth of Communications of the ACM 
and was astonished to learn all the things 
you can do with partially ordered heaps, 
lists, and trees.) You can trade off access 
time against insert time or insert time 
against delete time, or enhance any 
group of properties at the cost of the 
remainder. 

About the only thing you can’t do is 
spit in the eye of information theory. If 
you need to determine the smallest of a 
set of N records, for example, the oper- 
ation is going to take time proportional 
to (at least) VV * log NV. You can sort at 
insert time and read in constant time, in- 
sert in consant time and sort when you 
read, or divide the work between the two. 
Sooner or later, however, you pay the 

- piper. 

It’s kind of like pushing down on the 
bedsprings that stick up from an old 
mattress. Given enough hands and feet, 
you can hold down all the bedsprings you 
want to. But the more you want to hold 
down, the more force you have to bring 
to bear. Various conservation laws ensure 
that some unattended bedsprings will 
eventually pop up, by way of 
compensation. 


he best solution is 
seer > the one that re- 
quires no pushing 


on bedsprings. My list of personal ad- 
dresses and telephone numbers, for ex- 
ample, is implemented the way I 


described the customer list earlier. It is a 
text file about 200 lines long that I keep 
under CO-IDRIS, which runs under PC- 
DOS on my Compaq Deskpro 386. 

The command Phone <pattern> is a 
shell script that uses the utility grep 
(well known to users of UNIX) to select 
and display records that match <pat- 
tern>. Two conceptual flaws with this 
approach are: grep doesn’t know the 
structure of a record so it occasionally 
gives false positives by matching a key 
intended as a surname to some other 
field, such as a street name; and the 
average access time is proportional to the 
number and size of records in the file. 

The first flaw is easy to live with since 
I use Phone as an interactive filter only, 
never to provide uninspected input to an- 
other program. The second is equally in- 
nocuous since grep was more than fast 
enough to scan 200 names on my older 
IBM PC/XT, and on a Deskpro 386 
grep has growth capacity to spare. Even 
though Phone invokes a shell, which 
reads a script, which involves grep, which 
performs pattern matches on every line it 
reads, which calls for data blocks to be 
read by CO-IDRIS, which calls for data 
blocks to be read by PC-DOS, Phone is 
fast enough to do the job. 

Using considerable canned complexity 
and overwhelming a bad algorithm by 
brute force avoids having to add com- 
plexity to this little collection of data. If 
I acquire enough friends and business 
contacts to saturate this simple system, I 
will reconsider how it is organized, ac- 
cessed, and maintained. 

At that point I will probably break 
down and acquire one of the excellent 
data base management systems available 
for personal computers. That introduces 
lots of implementation complexity and 
gives me better performance than I prob- 
ably need, but it once again sidesteps any 
complexity I personally would have to 
create and maintain. 

Whatever I do, you can be sure I will 
confine any knowledge of the structure of 
the data collection to a minimum num- 
ber of modules. That way I can change 
representations as the mood strikes me, 
knowing each time that the code I must 
alter is minimal and clearly bounded. 
Searching, because it involves so few 
primitive operations, is a prime candi- 
date for information hiding. 

Several important principles are-at 
work here: 

@ An algorithm with poor asymptotic 
performance often outperforms a better 
one for small amounts of data because it 
is simpler and has less overhead. 

m The crossover point between a simple 
algorithm and a more sophisticated one 
may involve more data than you’ll ever 
have to deal with. 

@ An algorithm with poor asymptotic 
performance is often good enough even 


Courseware Applications, Inc. 


DRAWBRIDGE 


Finally...a product that lets you 
create complex graphics displays 
for your applications, but saves you 
the tedious task of programming. 


That's right...just draw the picture 
on the screen using the mouse or the 
keyboard. When you're done, 
Drawbridge automatically writes a 
program to recreate the graphic. 
You copy the code into your appli- 
cation and that's it! 


Drawbridge is an interac- 
tive graphics editor that 
greatly increases produc- 
tivity when creating so- 
phisticated graphics dis- 
plays. 


Create fantastic graphics 
using features such as lines, 
ovals, arcs, polygons, com- 
plex fill patterns, color, and 
text fonts. 


The best way for you to 
evaluate this powerful new 
tool is to try it for yourself. 
The program comes with a 
30-day money back guaran- 
tee. 


To order, or for more information, 
call: 


(217)359-1878 


COURSEWARE APPLICATIONS, INC. 
475 Devonshire Drive 
Champaign, IL 61820 


"Its a real timesaver" 


Drawbridge is available for the IBM PC and close com-- 
patibles for $129. The current version generates C language 
function calls for the MetaWINDOW™ graphics library. 
Most popular graphics cards are supported. 
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in regions where it is outclassed by a bet- 
ter algorithm. 

g An algorithm that is already imple- 
mented is much cheaper to employ than 
one you have to write code for. 

w Complexity is an asset if someone else 
is responsible for creating and maintain- 
ing it, a liability if you have to create 
and maintain it yourself. 

w No algorithm is so wonderful that it is 
not a candidate for future change, so you 
may as well contain the damage it will 
cause from the start. 


ometimes you 
nee >> S:" avoid push- 

ing on the odd 
bedspring. One of my favorite examples 
comes from the external sort Brian Ker- 
nighan and I presented in the fourth 
chapters of Software Tools and Software 
Tools in Pascal. 

The problem involves merging NV files 
(each file is in sort) to produce a single 
output file. One way to do it is: 

w Read a record from each file and tag 
each record with the file it came from 
and whether it is end-of-file. 

w Sort the records to identify the small- 
est one, sorting end-of-file records higher 
than others. 

w If the smallest record is end-of-file, 
stop; otherwise, put it out. 

w Replace the smallest record with an- 
other record from the same file, as in the 


first step, then go back to the second 
step. 

This seems to be the irreducible mini- 
mum to do the job. You need an internal 
data structure that can represent V 
records, each with a file tag and an end- 
of-file indicator. You need to be able to 
sort the data structure to find the small- 
est record and replace it. 

But wait. Once the first set of records 
is in sort, all you do to perturb the order 
is replace the smallest record. You 
should be able to reorder the new set 
with far less effort than a full-blown sort 
would expdnd. 

Indeed, this is the case. You can orga- 
nize the records into a heap, which is a 
balanced binary tree with individual 
nodes, each less than any of the records 
in its subtrees. Nothing is promised 
about the relative ordering of the sub- 
trees of a node. The following example is 
a small heap with six items: 


UES 
5 3 
Tein at 
6 8 7 


One of the desirable properties of a 
heap is that you can represent it neatly 
as an array (or as an array of pointers), 
assuming its size is reasonably bound. In 


UNIX/C WINDOW DEVELOPMENT 
COMPATIBILITY with 
CURSES for MS-DOS and MS-OS/2. 


THE BETTER PRODUCT. “Aspen Scientific’s 

Curses library is a fine PC version of System V 
Curses. Screen-updating was fast and clean... 

‘has good documentation and is available 

for many compilers...less expensive... 


its greater flexibility makes it an 
attractive package for developers’ 
Computer Language June/87 


Our Curses blazes on IBM PC’s 
and compatibles, but is 
versatile enough to work 

with MS-Windows and any 

PC running MS-DOS 2.0 

or later. 


4 FREE - FAST 
UNIX compatible forms 
tool kit-with source code. 
Included if you ORDER 
RIGHT NOW. 


(4) 
P ai NSF 
Complete curses tool kit: $1 19 6 


Source code available for: $289. 
Look at a few of the applications 
our Curses is benefiting: « Aerospace 
~ Robotics.“ Consulting “Telephone: 


Switching «AI Voice Recognition 


< Financial «Engineering «Word 
Processing 
= 


Hicrosott | wT 


ASPEN SCIENTIFIC 


PO. BOX 72 WHEAT RIDGE, 
COLORADO 80034-0072: 
(303) 425-8088 
Trademarks: MS-DOS, MS-Windows, MS-OS/2, XENIX, Quick C ( Microsoft); Unix (AT&T Bell Labs); Turbo C (Borland); 
Aztec (Manx); Lattice (Lattice); Let’s C (Mark Williams); DeSmet (DeSmet Software); Datalight (Datalight). 


Datalight 
—~— 
Let's C 
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this case, if (2*i+/ < N), then 
heap[2*i+ 1] is the root of the left sub- 
tree of heap/i]. If (2*i+2 < N), then 
heap[2*i+ 2] is the root of the right sub- 
tree of heap/i/. 

So the heap of the figure just shown 
can be represented by the array: 


S836: °7, 


Another desirable property of a heap is 
that you can find its smallest entry in 
constant time—it is at the root of the 
heap, or heap/O/ in the array 
representation. 

Still another desirable property of a 
heap is that it is easy to reestablish its 
integrity after you replace its smallest 
entry: 


i:= (0) 
WHILE (heapli] has subnodes 
AND either subnode is smaller than 
heaplil) 
exchange heapli] with the 
smaller subnode 
set i to the index of that subnode 


Since a heap with N items can have no 
more than ceil(log2 N) levels, the heap is 
reestablished in time proportional to log 
N. For example, the first record, with 
value 1, is replaced by a record with val- 
ue 9 in the heap of the figure shown ear- 
lier. The array evolves through the 
stages: 


WWO 


5368 
5968 
5768 


Oo NN 


and it is once again properly ordered. 

All that remains to complete the 
merge is to write code that will build the 
heap. This is easy enough to do, but can 
be avoided by filling the array with a 
record from each file, then sorting it with 
a conventional sort. It so happens that an 
array completely in sort also satisfies the 
ordering requirements of a heap, and 
then some. Sure it’s overkill, but a sort 
utility already needs an internal sort 
function, and it’s an operation you do 
once per external sort. 

Using a general sort function to build , 
a heap nicely satisfies several of the prin- 
ciples I have outlined. It recycles canned 
complexity from somewhere else. It is a 
suboptimal algorithm used in an arena 
where it is good enough. It is overkill 
with an insignificant time penalty. 

Now that’s programming on purpose. [Fj 


P.J. Plauger has coauthored several pop- 
ular textbooks with Brian Kernighan, in- 
cluding The Elements of Programming 
Style and Software Tools in Pascal. He is 
secretary of X3J11, the ANSI C stan- 
dard committee, and convenor of the 
ISO C standard committee. He is also 
the president of Whitesmiths Ltd. 


Interlocking Pieces: 


Blaise and 
Turbo Pascal. 


Whether you’re a Turbo Pascal expert or a novice, you can benefit from using 
special tools to enhance your programs, make them reliable, and give them a 
professional _ look. With windows, menus, pop-up memory resident programs, 
and communications support, Blaise Computing offers you all 

the right pieces to solve your Turbo Pascal development puzzle. 


ee, : 
ao) POWER TOOLS PLUS" is a general purpose library of over 140 
functions and procedures, like fast direct video access, general screen 
, handling including multiple monitors, and EGA 43-line text mode. 
Stackable and removable windows with optional borders and 
cursor memory provide complete windowing capabilities. Pop-up 
menus are easily incorporated into your programs using the menu 
management functions. 
POWER TOOLS PLUS allows you to inspect, allocate, 
and free DOS memory. Execute any program, including 
internal DOS commands, from within your Turbo 
Pascal program. 
Write general interrupt service routines in Turbo Pascal 
for either hardware or software interrupts using the 
POWER TOOLS PLUS ISR support functions. Blaise 
} Computing’s unique intervention code lets you develop 
memory resident applications that take full advantage of DOS 
____ capabilities. With simple procedure calls, “schedule” a Turbo 
j Pascal procedure to execute either when a “hot key” is pressed 
or at a specified time. 
@ASYNCH PLUS™ provides the crucial core of hardware 
interrupts needed to support asynchronous data communi- 
cation. This package offers simultaneous buffered input and 
output to both COM ports at speeds up to 9600 baud, and 
supports the XON/XOFF protocol, XMODEM file transfer 
and modem control functions. 
The underlying functions of ASYNCH PLUS are carefully crafted 
in assembler and drive the UART and programmable interrupt con- 
troller chips directly. These functions, installed as a memory resident 


sysiem, require just 3.2K bytes. Complete Turbo Pascal interfaces to the 
assembler routines are provided. 


The source Code is included in all Blaise Computing products and 
is efficiently crafted, readable and easy to modify. The INCLUDE 
utility is provided to automatically determine which procedures and 
functions are required, and to compact them all into a single file to 
be included in your application. Each package is accompanied by an 
indexed manual describing each procedure and function in detail with 
example code fragments. The documentation reflects the attention to 
detail and commitment to technical support that have distinguished 
Blaise Computing over the years. 


Turbo ASYNCH PLUS and Turbo POWER TOOLS PLUS 

support Turbo Pascal Version 2.00 and later and require 

DOS 2.00 or later. 

» Turbo ASYNCH and Turbo POWER TOOLS PLUS are 

y just $99.95 each. Buy them together for only $175.00. Or 
for only $199.00, receive PLUSPAK™ a comprehen- 


TOOLS PLUS and KeyPlayer — the right T7ps1 Send 


icA rest : 
i UPS shipP? 
rN 


i 2 
i Name 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 Lew" 


pieces to put your Turbo Pascal puzzle together. 4 Enclosed '§ ei ame 


ae ae 
BLAISE COMPUTING INC. 4 cxsnce 
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Turbo POWER SCREEN 

COMING SOON! General screen manage- 
ment; paint screens; block mode data entry 
or field-by-field control with instant screen 
access. For Turbo Pascal. : 


$95.00 - 
NEW VERSION! Program chaining execu- 
tive. Chain one program from another in dif- 
ferent languages; specify common data areas; 
less than 2K of overhead. nee 


KeyPlayer $49.95. 
“Super-batch” program. Create batch files _ 
which can invoke programs and provide 
input to them; run any program unattended; 
create demonstration programs; analyze key- 
board usage. : nee 


RUNOFF $49.95° 0 
Text formatter for all programmers. Written ~ 

in Turbo Pascal: flexible printer control; user- 
defined variables; index generation; and a 
general macro facility. : d 


Turbo C TOOLS $129.00 
Windows; ISRs; intervention code: screen 
handling and EGA 43-line text mode support; 
direct screen access; DOS file handling and 
more. For Turbo C. > 


PASCAL TOOLS/TOOLS 2 $175.00 
Expanded string and screen handling; gr. 
ics routines; memory management; gen 
program control; DOS file support and m: 
For MS-Pascal. Mg 


€ TOOLS PLUS _ $t 

Windows; ISRs; sereen handling; mult 
monitors; EGA 43-line text mode; di 
screen access; DOS file handling and mi 
For MS and Lattice C version 3.00 and | 


VIEW MANAGER: |. $27! 
General screen control; paint screens; bl 
mode data entry or field-by-field control v 
instant screen access. For C or MS-Pase 


ASYNCH MANAGER $175.00 
Full featured interrupt driven support forthe 
COM ports. I/O buffers up to 64K; XON/ 
XOFF; up to 9600 baud; modem control 


sive package of ASYNCH PLUS, POWER er ee 


yo\) 


ip: ; 
State:-——__ Exp. Date~ 


urbo Pascal is a trade 
Borland Internation 


10 Important Reasons 
C Programmers Use 
ile Manager 


1. It’s written in C. 


Clearly the growing language of 
choice for applications that are fast, 
portable and efficient. All of 
db_VISTA’s source code is written in C. 


2. It’s fast — almost 3 times faster 
than a leading competitor. 

Fast access that comes from the 
unique combination of the B-tree 
indexing method and the “network” or 
direct “set” relationships between 
records. A winning combination for 
fast performance. 


3. It’s flexible. 

Because of db__VISTA’s combination 
of access methods, you can program 
to your application needs with ultimate 
design flexibility. Use db__VISTA as an 
ISAM file manager or to design 
database applications. You decide 
how to optimize run-time 
performance. No other tool gives you 
this flexibility without sacrificing 
performance. 

db__VISTA is also well behaved to 
work with most any other C libraries! 


4. It’s portable. 

db__VISTA operates on most popular 
computers and operating systems like 
UNIX, MS-DOS and VMS. Youcan 
write applications for micros, minis, or 
even mainframes. 


5. Complete Source Code 
available. 

We make our entire C Source Code 
available so you can optimize 
performance or portto new 
environments yourself. 


6. It uses space efficiently. 
db__VISTA lets you precisely define 
relationships to minimize redundant 
data. Itis non-RAM resident; only 
those functions necessary for opera- 
tion become part of the run-time 
program. 


7. Royalty free run-time. 

Whether you're developing applications 
for yourself or for thousands, you pay 
for db_VISTA or db__QUERY only 
once. If you currently pay royalties to 
someone else for your hard work, isn’t 


it time you switched to royalty-free 
db_VISTA? 


db_VISTA’ 


Features 
¢ Multi-user support allows flexibility to run on 


local area networks 

¢ File structure is based on the B-tree indexing 
method 

¢ Transaction processing assures multi-user 
consistency 

¢ File locking support provides read and write 
locks 

¢SQL-based db_QUERY is linkable 

¢File transfer utilities included for ASCII, 
dBASE optional 

¢ Royalty-free run-time distribution 

¢ Source Code available 

¢ Data Definition Language for specifying the 
content and organization of your files 

¢ Interactive database access utility 

¢ Database consistency check utility 


File Management Record 
and File Sizes 
¢ Maximum record length limited only by acces- 
sibleRAM 
Maximum records per file is 16,777,215 
¢ Maximum file size limited only by available disk 
storage 
¢ Maximum of 256 index and data files 
¢ Key length maximum 246 bytes 
¢No limit on number of key fields per record 
@No limit on maximum number of fields per 
record S 
Operating System 
& Compiler Support 
¢Operating systems: MS-DOS, PC-DOS, 
UNIX, XENIX, UNOS, ULTRIX, Microport, 
VMS 
¢C compilers: Lattice, Microsoft, IBM, DeSmet, 
Aztec, Computer Innovations, Turbo C, XENIX 
and UNIX 


8. SQL-based db_QUERY 
Add our new C-linkable, SQL-based, 
ad hoc query and report-writing 
companion product to providea 
simple relational view of your 

db_ VISTA applications. Without 
compromising speed. 


9. Free tech support. 

60 days of free technical and application 
development support for every Raima 
product. Of course, extended support 
and training classes are also available 
at your place or ours. 


10. Upward database 
compatibility 

Start out with file managementina 
single-user PC environment—then 
move up toa multi-user LAN ora VAX 
database application with millions of 
records. You'll still be using db__VISTA. 
That’s why so many C programmers 
are choosing db_VISTA. 


But don’t just take our word 
for it. 


“Raima’s customer support and documentation 
are excellent. Source code availability and 
royalty-free run-time is a big plus.’ 
Dave Schmitt, President 
Lattice, Inc. 


“db__VISTA has proved to be an all-round high 
performer in terms of fast execution, flexibility and 
portability, and has undoubtedly saved us much 
time and developmenteffort.” 
John Adelus, Hewlett-Packard 
Office Productivity Division 


30-day Money Back Guarantee! 
Try db_ VISTA in your environment 
for 30 days and prove it to yourself. If 
notcompletely satisfied, return itfora 
full refund. 


Price Schedule 
db_VISTA db_QUERY 
U Single user $ 195 $ 195 
Single user w/Source $ 495 $ 495 
0 Multi-user $ 495 $ 495 
Multi-user w/Source $ 990 $ 990 
NEW: 
VAX Multi-user $ 990 $ 990 
VAX Multi-user w/Source $1980 $1980 
Order Now. 


Put db__VISTA to work in your 
application program. Ordering is 
easy—simply call toll-free. We'll answer 
your technical questions and get you 
started. Call today. 


Call Toll-Free Today! 
1 (800) db-RAIMA 
(800/327-2462) or 
206/828-4636 


=a 
RAIMA’ 


, CORPORATION 


3055 - 112th NE, Bellevue, WA 98004 USA 
(206) 828-4636 Telex: 6503018237 MCIUW 
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DESIGNING WITH DATA BASES 


data base man- 
ol Ares 
based application 


consists of the DBMS itself and a set of 
languages that can create and modify 
data structures and manipulate data in 
those structures. These languages con- 
nect with the underlying DBMS and the 
end users—developers who are using or 
building applications. Each language has 
some means of communicating with the 
underlying mechanism of the DBMS and 
the outside world. 

In small- to medium-sized environ- 
ments, the applications developer builds 
both data structures and end-user appli- 
cations. In large systems, the data base 
analyst deals with tables, indices, and the 
performance of the DBMS. The applica- 
tions developer is responsible for building 
an interface layer between the data views 
presented to applications programs and 
the end user. Only in very small environ- 
ments is the end user also the developer 
and data base analyst. 

The variety of designs and interfaces 
in commercial DBMSs divides them 
somewhat into job or role niches. Appli- 
cation size is one of the important factors 
dividing niches. Systems that make the 
combined jobs of data base analyst, ap- 
plications developer, and end user rela- 
tively easy often are not suitable for 
large applications. Where exceptions oc- 
cur, the DBMS tends to be very manage- 


~ ment information systems (MIS) 


oriented and less data processing (DP) 
oriented. 

Languages and language connections 
to DBMS products come in a variety of 
flavors. When most users think of fourth 
generation languages, they think of non- 
procedural languages. On one level, a 
nonprocedural language is like a super 
interpreter. Like other interpreters, it 
parses input and produces statements ex- 
ecutable by the DBMS engine to which 
it’s connected. Upon receiving data or 
other messages from the DBMS, the lan- 
guage produces output in accordance 
with user instructions. The DBMS en- 
gine, in turn, translates the parsed state- 
ments into instructions the operating 


Fourth generation languages 


By Matthew Rapaport 


system will understand so that records 
relevant to the user request can be 
retrieved. 

Most micro-based DBMSs completely 
hide the interface between the input 
parser and the DBMS itself. At the 
minicomputer level begins a configurable 
relationship between the parser’s output 
of instructions to the operating system 
and the physical files they address. These 
operations are never performed by casual 
end users except perhaps during installa- 
tion of a DBMS without expert help. 

Sometimes a large enough number of 
configurable parameters exists at the 
physical file level in mainframes to em- 
ploy teams of data base analysts in the 
task of tuning and maintaining these op- 
tions. The need for these operations (and 
salaries) is justified by the size and/or 
number of data bases in a mainframe 
installation. 

Nonprocedural languages differ from 
their interpretive third generation coun- 
terparts. Their run-time engines accept, 
in a sort of coded English, a wide range 
of requirements or criteria that the en- 
gine applies to a DBMS for.update or 
query. Answers are returned in automati- 
cally appropriate (at least in a minimal 
sense) formats. The statements of the 
language are typically few in number, 
relative to most third generation lan- 
guages, but there may be several dozen 
functions. Explicit loops are generally 
absent, but there are subtle control struc- 
tures; for example, you can spin implicit 
loops inside others. In general, the non- 
procedural interpreter trades the range of 
problems addressable by a third genera- 
tion language for enhanced handling ca- 
pacity relative to a narrow class of 
problems (such as querying and updating 
variable but known record structures, 
screen or report generation, etc., for 
product(s) of a single vendor). 

Most of what end users do with non- 
procedural languages is output oriented 
(such as console or printed reports, state- 
ments, checks, etc.). Only in the smallest 
of shops do end users update records of 
their production files with statements 
like REPLACE ALL {COMMIS- 
SION—%} WITH {COMMIS- 
SION—% } + 0.02 or some such 
operation. 


Typical DBMS systems have two or 
more nonprocedural languages, although 
Codd’s rules 5 and 7 (for an explanation 
of these rules, see “Fidelity and the full 
relational model,” COMPUTER LAN- 
GUAGE, July 1987, pp. 93-97) require 
that the language of a relational DBMS 
perform both data and data structure 
manipulation with the same syntax. 
Those systems that support the spirit of 
Codd’s vision (Informix wins hands down 
in that race) provide other tools to for- 
mat report, screen, and (sometimes) code 
generation. The attempt to implement 
Codd’s functional language specification 
is most often encountered in variations of 
a syntax known as Standard Query Lan- 
guage (SQL). 


: he idea behind 
ae nonprocedural 
languages was to 


give the end user a way to interact with 
the DBMS directly, without the interven- 
tion of an application written in a proce- 
dural language. Unfortunately, the 
requirements of data integrity and/or se- 
curity often demand that the raw SQL 
interface not be utilized for data update. 
But end-user formulations of relatively 
complex queries have proved to be both 
possible and useful in a variety of 
settings. 

If the primary use of a nonprocedural 
language is ad hoc reporting, a list- 
processing language (which may or may 
not be a subset of a conventional SQL) 
can provide a high degree of automatic 
formatting and operate on a great range 
of data structures without having to use 
such constructs as for or while loops. All 
reports require some sort of looping 
through successive records, so the need 
for a loop is built into the internal (inter- 
preter) logic of the LIST statement it- 
self. In addition, productive programs 
written in list languages do not require 
counter variables for page numbering or 
buckets for storing totals. All of these 
features and more (such as titling, date/- 
time stamping, and subtotal breaks) are 
properly produced in output by applying 
options to the LIST command itself. 
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The code in Listing 1 is in the Revela- 
tion list processor syntax. This statement 
is saved as a record in a file (for exam- 
ple, SALES.BY.DIVISION.REPORT) 
and subsequently executed by typing the 
record name. The first line causes the 
following statements to be executed as if 
typed on the Revelation command line. 
The next three lines select successively 
exclusive subsets of the employee file. In 
the first line, the English expressions 
ACTIVE and PART-TIME-REGULAR 
need not be stored in the data base as 
such long strings. They can just as easily 
be defined fields that translate stored 
codes into English. 

The last select line interacts with the 
operator to acquire effective dates for a 
given run of the report. The list line 
breaks on DIVISION, and SEX under 
DIVISION, subtotaling each appropri- 
ately and also doing page breaks after 
each DIVISION break. Finally, an ap- 
propriate heading is added, with pagina- 
tion and date displayed at the top of each 
page of the report. Page footings could 
be added as easily as the headings. 

Revelation’s list processor is good for 
such columnar reports. It can handle any 
number of breaks, totals, etc., but it can- 
not list from more than one table at a 
time. Defined fields can be used to link 
more than one table to the table being 
listed, but these tables cannot be created 
ad hoc at the same time the report is cre- 
ated. They must be added first to the 
main table’s dictionary. 

This approach influences Revelation 
application design, emphasizing few 
large tables with many symbolic links to 
supporting tables through foreign keys. 
This characteristic is more suited to DP- 
type applications than MIS applications. 
The one-table limit also applies to the 
simple-list systems of Microrim’s R:base 
System V, Ashton-Tate’s dBASE III, and 


TCL 


REGULAR’ 


Data Access Corp.’s DataFlex. In some 
systems, tables can be operated upon 
with joins, unions, intersects, and divides, 
producing another table to be list pro- 
cessed. R:base and dBASE provide for 
ad hoc table manipulation before list 
processing (making them better MIS 
tools), while DataFlex does not. 

By contrast, Ansa Software Corp.’s 
Paradox, Relational Database Systems 
Inc.’s Informix, Unify Corp.’s UNIFY, 
and Dunn & Bradstreet Corp.’s 
NOMAD2? support multitable manipula- 
tion and list processing in a single oper- 
ation. Paradox has a graphic interface 
that displays many tables at once. The 
end user simply connects tables through 
examples placed in appropriate windows 
on the screen. The placement of exam- 
ples on the screen has more semantic 
than syntactic significance. For example, 
placing examples in a single column on 
more than one line has the effect of set- 
ting up OR logic with those examples as 
the acceptable criterion. Pressing the ex- 
ecute key creates another table that re- 
presents a join/select operation. 

Informix, UNIFY, and NOMAD2 use 
string languages that require understand- 
ing a complex syntax when several tables 
are joined. The UNIFY and Informix 
languages are variations of SQL. Listing 
2’s statement in UNIFY SQL joins two 
tables: employee and job. It lists employ- 
ee number, name, and experience grade 
for all engineers grade 10 or better. This 
list is joined with the job table through 
the employee assignment.number (a for- 
eign key to the job table’s job.number) 
for those jobs whose estimated comple- 
tion dates (ECDs) are earlier than the 
end of October. 

The statement first sets up the list 
based on the available selection criterion 
in the employee relation. It then causes 
only those tuples whose job assignment 


Pass 
a 


SELECT EMPLOYEE WHERE STATUS BQ "ACTIVE" OR STATUS BQ "PART-TIME- 
"a 


SELECT EMPLOYEE WHERE PROMOTION.TYPE CONTAINS "AMR" OR PROMOTION. 


TYPE CONTAINS "MRX" 


SELECT EMPLOYEE WHERE HIRE.DATE BETWEEN ?"ELIGIBILITY DATE"? AND 


?"CUTOFF DATE"? 


LIST EMPLOYEE BY DIVISION BY SEX BY SALES.TOTAL BREAK-ON DIVISION "“'vp'" 
BREAK-ON SEX "'V'" NAME TOTAL SALES.TOTAL TOTAL BONUS HEADING 
"BONUSES BY DIVISION AND SEX 'LLDPP'" ID-SUPP (P) 


Listing 1. 


SELECT EMP NBR, EMP NAME, GRADE, JOB.NUMBER, LOCATION, ECD 


‘FROM EMP, JOB 


WHERE EMP JOB.DESC="ENGINEER" AND GRADE >= 16 


‘AND ASSIGNMENT .NUMBER = 


SELECT JOB.NUMBER FROM JOB WHERE BCD <= "10/31/87" 


Listing 2. 
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numbers match those selected from the 
second select step. This step, in turn, is 
restricted to those tuples in the job table 
that have ECDs earlier than October 31. 
Informix has a date function that allows 
constructs like: 


WHERE (ECD - TODAY) <= 30 


and further generalizes the query so it 
could be used at any date. 


ne should con- 
oye sider support for 
complex Bool- 


ean logic with respect to single relations 
(expressions of the form (((A or B) and 
(C > B)) or (D > B)) etc.) in a list pro- 
cessor. Good support for various joins, 
unions, or intersections accounts for com- 
plex interrelation logic. But support for 
intrarelation filtering via complex Bool- 
ean expressions (including and, or, xor, 
and not operators) is especially useful in 
MIS operations. 

Sometimes MIS operations are sup- 
ported in a combination of simple Bool- 
ean expressions and SELECT statements 
that set progressive restrictive filters on 
the data records returned. Support for 
this logic is especially good when the 
tests can be applied to the varying rela- 


tion between attributes of the same rec- 


ord or joined records. An example of this 
is selecting only those records where the 
sales total for the month was more than 
a certain percentage above the cost total 
for each division in each month. In gen-~ 
eral, all of the mainframe products sup- 
port both the select- and complex- 
expression form of Boolean filtering, as 
do any products based on SQL. 

SQL-based products also support the 
powerful form of cross-attribute testing. 
Most micro products (non-SQL based) 
support complex Booleans in one form or 
another, although Revelation and espe- 
cially DataFlex are weak in this respect. 
Neither Revelation nor DataFlex support 
attribute cross-testing, but R:base, Para- 
dox, and d:BASE do. 

Cincom’s Supra has no list processor 
of its own. Instead, a separate Cincom 
product (which also operates on ordinary 
files) called Spectra serves a Supra user’s 
listing needs. Spectra operates on exter- 
nal views generated from Supra’s base 
tables and, at the same time, can join 
several such tables in a single statement. 
Spectra’s output format control is limit- 
ed. Fancy titling, column headings, foot- 
ings, and so on, are not possible with 
Spectra or any others, with the exception 
of Revelation and NOMAD2 (a feature 
that helps push them both in the direc- 
tion of MIS, despite the earlier mention 
that they were better suited to DP-type 
appplications). However, Spectra’s main- 
frame and mini environment can operate 
over several different kinds of files (in- 
cluding flat ASCII). 


Screens 
& Windows 


Data Input 


DOS 


Interface Handling 


C-Worthy Interface Library helps you smoothly pull together all aspects of an excellent Human Interface. 


C Programmers: Wrap an Exciting, 
Bullet-Proof Interface Around 
Your Code Quickly. 


Introducing... 
C-Worthy® Interface Library 


The only human interface package 
you need. That’s what our customers 
are telling us. One early adopter, 
Novell, Inc. uses it exclusively in the 
development of their NetWare® 
Utilities, which reach over 500,000 
users. You see, C-Worthy Interface 
Library is the only library available to 
handle every aspect of your program’s 
human interface, all in one package. 
Now your programs will have a 
consistent look and feel. You no longer 
have to integrate pieces of libraries 
from different manufacturers. 

As important as you know users are, 
you often don’t have the time to heavily 
invest in writing routine code. And 
' that’s OK, because with over 400 tight, 
ready-to-use functions, C-Worthy 
Interface Library takes care of the 
tedium and lets you spend your time 
doing what you enjoy. Concentrate on 
the heart of your application — features 
that make it unique, special. Let 
C-Worthy Interface Library do your: 

@ Menus 

e Error Handling 

e DOS Interface 

e Context Sensitive Help 
e Screens, Windows 

e Forms, Data Input (optional 

You control color, size, border, 
location, etc. And if there’s anything 
you want to change, you can. Source is 
available to provide you with the 
flexibility you need. And you can 
distribute your applications freely, with 
no royalties. 


C-Worthy Interface Library requires hard disk media with 256K 
RAM. MSDOS 2.0 + and IBM PC, or compatible, TI Professional, 
NEC APC IIL, or VICTOR 9000. C-Worthy is a registered 
trademark of Custom Design Systems, Inc. 


Tech Specs 


2 Compilers: Microsoft 3.0+, Quick, Turbo, 
Lattice. All models. 

® 350+ functions written in C, 75+ in 
Assembler. 

2 Menus: Fully support pop-up, Lotus style, 
MS Windows style (pull-down), pull-up. 

® Errors: DOS, program, and user. 

® DOS Interface: 62 functions. File handling, 
dir. and drive management, date & time 
conversion, wildcards, more. 

> Help: System and context sensitive. 


= Screens: Screen display, color palettes, save, 
restore, scroll, more. 

> Windows: Exploding, tiled, pop-up, 
overlapping. Direct video access and virtual. 
Up to 50 active at any time. 

2 Keyboard Handling: Regular, function, 
interrupt, background procedures. 

» Editing: String-and word wrap text. 

® Form Interface Library: 118 functions. 
Over 15 field types, and user definable field . 
types. 3 levels of data validation: type, 
multiple field ranges, optional validation 
procedures. Hide, lock, or secure a field. 
Optimal field movement. 


> Foreign Languages: All text messages in 
separate files for easy translation. 


2 Compatible with MS Windows. 
2 OS/2 special overlay when released. 


2B Machines: Autodetect for MDA, CGA, 
EGA, VGA, TI, AT&T, Victor. 


B® No royalties. 


“T heartily recommend this package.” 
— David A. Schmitt, president, Lattice, Inc. 
Over 400 developers in 16 countries already use it. 


Thorough Documentation 


Indexed alphabetically and by category, 
the 700+ page Reference Guide includes 
for each function: an example, description, 
calling conventions, return values, and 
related functions. The 250 page User’s 
Guide gets you going with its tutorial 
and “Getting Started” sections. 
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“C-Worthy is a comprehensive C library whose 
time has come. I heartily recommend it as your 
next purchase.” —Computer Language, 8/87 


es : 
interface Library 


C-Worthy Interface Library: 


Object only ................00005 $ 195 
Form Interface Library add-on..... $ 100 
Object with Forms ............... $ 295 


Object with Forms & Library Source. . .§ 495 
Please specify compiler and version when ordering. 


To Order Call 


(800) 821- 2492 
in MA (617) 337-6963 , 


541-L Main Street, Suite 410 
South Weymouth, MA 02190 


LAW WEEKLY ADJUSTER PRODUCTIVITY REPORT 
Claims Office 313 
Report Period 97/20/87 to 97/24/87 


Page 203 
ADJ 1.D. DRU 


“=-----CURRENT STATUS------  ------ ACTIONS TAKEN------- 


LETTERS CHECKS 

SENT SENT 
CODE STATUS NUMBER CODE ACTION NUMBER 

@@ - Pending 196 TA - Init Acknowledge 11 30 i8 
- Ol - Active/Pay 9 MD - Med Documents 7) 
@2 - Reopened 2 IM - Indep Med Exam Q 
@3 - in Suit g UL - Investigation L 
@4 - Denied/Resisted 8 FR - File in Review 4) 
@5 - Investigation 25 PS - Physician's Stmt 3) 
Q7 -— Ridered 1 HR -— Hospital Records a) 
@8 - Recision 6 CF - Claims Forms Sent 4) 
@9 - Closed 28 PV - Pending Verify a 
1@ - Paid 78 CD ~ Decision Made 12 
PC - Phone Call 2 
SUBTOTAL 263 33 

Figure 1. 


This code was generated by a capable NOMAD2 list programmer in 

about six hours. In its unabridged form, it totaled 208 lines. The code 
is shown here in abridged segments because the full listing would not 
serve any better to illustrate the potential complexity in this kind of 
programming. 

[HR III IRI A HIRI HRA KHER IK IKK IKKE KIKI KI ERE ERIE REE EAA EERE | 


MEMBER: LAMLWAJP WRITES LIFE ADJUSTER PRODUCTIVITY REPORT i 


[RI RII ARK KR R IR IK IHRE HK RIK RIKKI KIA HIKARI HIKE RIKER HEI EE RHEE | 
DA LAMSCLMS; 
ON ERROR RETURN; !TO CALLING PROCEDURE! 


I HHI K Ke KH IK KIA KERIKERI RR EEK ERE EK I KR EREE EEE ERE REE ERE REREREREERE | 


| DEFINE ITEMS, DECLARE AND INITIALIZE &VARTABLES : 
[HIRI K KAKI K KIRA KARR RK KH RK KAKI KK KKK KKK KEE EK EKER REE EERE ERK IKERE | 


1// perine "current status" rrems  //////////////////1///11///11// 11/7 


DEFINE PEND IN AUDIT AS 9 
DEFINE ACTPAY ~ IN AUDIT AS 9 


IF AUDIT STATUS EQ '@' THEN 1 ELSE 0; 
IF AUDIT STATUS EQ '1'. THEN 1 ELSE 9; 


Wow 


DEFINE CLOSED IN AUDIT AS 9 
DEFINE RECIS IN AUDIT AS 9 
DEFINE PAID IN AUDIT AS 9 


1// DEFINE “acTION TAKEN" ITEMS ////////////////I/////11////111/////73 


DEFINE INDATE IN AUDIT AS 9 = IF ACT DUE BETWEEN ( &FIRSTDATE, &LASTDATE ) 
THEN 1 ELSE 9; 


If AUDIT STATUS EQ '8' THEN 1 ELSE 9; 
IF AUDIT STATUS EQ '9' THEN 1 ELSE 0; 
IF AUDIT STATUS EQ ‘1@' THEN 1 ELSE O; 


DEFINE ACKN IN AUDIT AS 99 = IF INDATE EQ 9 THEN @ ELSE 

COUNT (FINDEX(ACT TAKEN EQ ‘IA',ALL); 
DEFINE MEDDOCS IN AUDIT AS 99 = IF INDATE EQ @ THEN % ELSE 
COUNT (FINDEX(ACT TAKEN EQ ‘MD', ALL); 
IF INDATE EQ 9 THEN @ ELSE : 
COUNT (FINDEX(ACT TAKEN EQ ‘IM',ALL); 
| DEFINE INVESTL IN AUDIT AS 99 = IF INDATE EQ 9 THEN @ ELSE 
_ COUNT (FINDEX(ACT TAKEN EQ ‘UI',ALL); 


DEFINE MEDEX IN AUDIT AS 99 


Listing 3. (Continued on following page) 
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All of these systems produce tables as 
output, columnar lists, satisfying many 
DP and MIS requirements, but are not 
usually good at generating documents 
with complex formats such as checks, 
statements, or employee profile forms. 
For these types of jobs, the previously 
mentioned products (except NOMAD2) 
have a report generator—another fourth 
generation interface to a parser- 
interpreter—that produces complex out- 
put formats on paper. DataFlex’s report- 
generating facilities are far better than 
its listing support. 

Informix, UNIFY, R:base, and Para- 
dox have powerful report generators, and 
even dBASE is beginning to show some 
promise in this area. Most list and report 
languages contain a rich variety of ag- 
gregate functions that perform counts, 
averages, sums, array analysis (in NO- 
MAD2), and sometimes statistical 
correlations. 

NOMAD2 has no special report gen- 
erator, but its list processor is fully capa- 
ble of producing complex output. It 
contains a multitude of functions for 
manipulating numbers and deriving com- 
plex time series (like compound interest) 
directly usable inside a LIST statement. 

Figure 1 is a sample of a weekly 
operations summary for a single individ- 
ual (each page represents data summa- 
rized from many records in a claims data 
base for a single individual at a time). 
Listing 3 is part of the program that pro- 
duced this report. 


Listing 3 is a nonprocedural program~ a 


in NOMAD2. The program begins by 
setting up totaling buckets not defined in 
the associated data schema. Next are 
instructions for placing the output (the 
totaling buckets themselves, not the 
stored data). Finally, the LIST statement 
sets in motion a looping through each 
record of the data base, summing rel- 
evant values into the subtotaling and 
then totaling buckets, and setting up col- 
umns that each summarized data item 
will occupy. 

The complexity of the syntax in List- 
ing 3 as well as the need to provide a set 
of tools distinct from one general-purpose 
tool (for reporting alone) illustrate a 
problem in dealing with nonprocedural 
languages. The reporting requirements of 
real organizations are complex enough to 
make coding in them something of a spe- 
cialty. Systems departments in large 
companies employ people to formulate 
complex queries of the data base and 
generate printed output to one standard 
or another using only nonprocedural 
tools. B 

The difference between these systems 
people and traditional programmers is 
that they work with nonprocedural lan- 
guages and typically produce more re- 
sults in a shorter time within a restricted 
domain. Nonprocedural tools are highly 
specialized, and processing requirements 


_ DEFINE DECIS IN AUDIT AS 99 = IF INDATE BQ % THEN 9 ELSE 
2 COUNT (FINDEX(ACT TAKEN EQ 'CD',ALL); 
_ DEFINE PHONE IN AUDIT AS 99 = IF INDATE EQ © THEN @ ELSE 
a COUNT (FINDEX(ACT TAKEN EQ 'PC’,ALL); 


“1// DEPINE “LETTERS smvt" aND “IssuES sme" toes //////////////I/T1I1 


"DEFINE LETTERS IN AUDIT AS 99 = 
COUNT (FINDEX (LETTER DTE BETWEEN(SFIRSTDATE, &LASTDATE) , ALL) ; 
_ DEFINE ISSUES IN AUDIT AS 9 = 


IF XDRAFTDT BETWEEN(&FPIRSTDATE, &LASTDATE) THEN 1 ELSE @; 


PREKKRRKK KR ERR RER KER KEER ERE EERE KER ER EER ER ERE ERER ERE RE RR ERE KER EKERERKRRERER | 


| DO TIME 
PRE HHH KEK ERK EKER ERE KE KER EEE RK EEK ERER EKER EKER KEE EERE RE REEKE ER ERERERERERE | 


TITLE COLUMN 20 ‘LAM WEEKLY ADJUSTER PRODUCTIVITY REPORT’ 
COLUMN 79 'PAGE ' &PAGENO AS 999 FOLD 1 


COLUMN 32 ‘AUDITS OFFICE 313' FOLD 1 


COLUMN 23 'REPORT PERIOD ' 
&FIRSTDATE AS DATE'MM/DD/YY' ' TO ' 
&LASTDATE AS DATE'MM/DD/YY' 
COLUMN 75 'ADJ I.D. ' S&ADJID FOLD 6 


COLUMN 3 '----- CURRENT STATUS ------ s 
38 '------ ACTIONS TAKEN ------- : 
COLUMN 71 'LETTERS' 

COLUMN 81 'ISSUES' FOLD 1 


COLUMN 3 ‘CODE' 
COLUMN 12 ‘STATUS’ 
COLUMN 24 '‘NUMBER" 
COLUMN 38 ‘CODE’ 
COLUMN 48 ‘ACTION' 
COLUMN 6 ‘NUMBER’ 
COLUMN 74 'SENT' 
COLUMN 83 'SENT'; 


[REXRKEKAK ER RKRKK EKER EKER ERERE KK ERE RE KER EKER ERE EE EKER EKER ERE ERER EERE | 


! SET SELECTS { 


[RHA RK AKIRA E RK KEKE EER EK EREK ERE ER EK EEK ERE EE REE EREE EERE EERE RERERERER | 
SELECT CLEAR ALL; se 
SELECT OFFICE NO EQ ‘313'; 


| RRRKRK AIK AK ARERR RARE KE RKAKK REAR EERE KER ERE AE EE EREKERE KE REEREREREREES | 
1 “LIST RECORDS 


[HAKKAR KKAKAR EK KEK HK EK KK KEE KEKE EK ERE EEK E KK ERE EKER KER ER ERE REE EK KEERRERERE | 


LIST BY ADJUSTER _ID NOPRINT NEWPAGE SET S&ADJID 
COLUMN 3 '@@ - Pending' 
COLUMN 26 SUM(PEND) AS 9999 
COLUMN 38 ‘IA - Init Acknowledge’ 


Listing 3. (Continued on following page) 


C/ANALYST 


THE HIGH POWERED 
DOCUMENTATION TOOL 


You have been handed a few inches of 
code and have been asked to modify it. 
This tool can quickly bring you up to 
speed. Your C source code is parsed 
and installed in a database representing 
your entire program. From this 
database, C/ANALYST exhibits the 
program from different perspectives. 


PROCEDURE 
TREE 

i GENERATOR 
automatically gener- 
ates calling trees of 
your program giving 
an immediate overview of the control 
flow in your program. Handles function 
calls via pointers and also macros. 
Generates diagrams sideways on dot 
matrix printers in sections. 


DATA FLOW 

DIAGRAMS show 

data interaction 

between modules. 

Find out quickly 

where data objects 
are set and referenced. 


GLOBAL CROSS REFERENCE of 
data shows where each object is set and 
referenced. Structure members are 
listed separately from other objects of 
the same name. Various listing options 
are provided. 


TASK REPORT produces a list of 
procedures and data objects and their 
usage by task. 


$145.00 + $5.00 shipping 


CALL US TODAY 
(503) 581-5622 


30-day money-back guarantee & 
generous update policy 


Needs MS-DOS 2.0 and above, all memory used, 
hard disk required for analysis of large programs. 
Works with popular dot matrix printers. 


SOFTWARE 


2182 Westfarthing Way, NW 
Salem, OR 97304 
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COLUMN 62 SUM(ACKN) AS 9999 


COLUMN 74 SUM(LETTERS) AS 9999 SET S&LETTERTOTAL 
COLUMN 83 SUM(ISSUES) AS 9999 SET &ISSUBTOTAL FOLD 2 


COLUMN 3 '@1 — Active/Pay' 

COLUMN 26 SUM(ACTPAY) AS 9999 

COLUMN 38 'MD - Med Documents’ 

COLUMN 62 SUM(MEDDOCS) AS 9999 FOLD 2 
COLUMN 3 'W2 - Reopened’ 

COLUMN 26 SUM(REOP) AS 9999 

COLUMN 38 'IM - Indep Med Exam’ 
COLUMN 62 SUM(MEDEX) AS 9999 FOLD 2 


COLUMN 3 ‘93 - In Suit’ 
COLUMN 26 SUM(INSUIT) AS 9999 


COLUMN 3 '10 - Paid’ 

COLUMN 26 SUM(PAID) AS 9999 
COLUMN 38 'CD — Decision Made’ 
COLUMN 62 SUM(DECIS) AS 9999 FOLD 2 


COLUMN 38 'PC - Phone Call' 
COLUMN 62 SUM(PHONE) AS 9999 


\// COLLECT SUBTOTALS BY ADJUSTER IN &VARIABLES WITHOUT LISTING /////! 


(SUM(PEND) + SUM(ACTPAY) + SUM(REOP) + SUM(INSUIT) + 
SUM(DENY) + SUM(INVEST2) + SUM(RIDER) + SUM(CLOSED) + 
SUM(RECIS) + SUM(PAID) ) : 
NOPRINT SET &STATUSSUBTOT NOSUBTOTAL 


(SUM(ACKN) + SUM(MEDDOCS) + SUM(MEDEX) + SUM(INVEST1) + 
SUM(INREV) + SUM(PHYSTAT) + SUM(HOSPREC) + SUM(FRMS) + 
SUM(PENDV) + SUM(DECIS) + SUM(PHONE) ) 

NOPRINT SET S&ACTIONSUBTOT NOSUBTOTAL 


1// COLLECT GRAND TOTALS IN &VARIABLES WITHOUT LISTING TILITITLT SITLL 


(CUM(PEND) + CUM(ACTPAY) + CUM(REOP) + CUM(INSUIT) + 
CUM(DENY) + CUM(INVEST2) + CUM(RIDER) + CUM(CLOSED) + 
CUM(RECIS) + CUM(PAID) ) 
NOPRINT SET &STATUSTOTAL 


(CUM(ACKN) + CUM(MEDDOCS) + CUM(MEDEX) + CUM(INVEST1) + 
CUM(INREV) + CUM(PHYSTAT) + CUM(HOSPREC) + CUM(FRMS) + 
CUM(PENDV) + CUM(DECIS) + CUM(PHONE)) 

NOPRINT SET SACTIONTOTAL 


1// LIST SUBTOTALS BY ADJUSTER AND GRAND TOTALS AT END OF REPORT ////3 


COLUMN. 3 'SUBTOTAL' 
COLUMN 26 &STATUSSUBTOT AS 9999 ee 
COLUMN 62 SACTIONSUBTOT AS 9999 


SUMMARY NEWPAGE FOLD 5 
COLUMN 3 'GRAND TOTALS' 
COLUMN 26 &STATUSTOTAL AS 9999 
COLUMN 62 &ACTIONTOTAL AS 9999 
COLUMN 74 &LETTERTOTAL AS 9999 
COLUMN 83 &ISSUETOTAL AS 9999 
ON LAMLRAJP; 


SELECT CLEAR ALL; 


* * * 


Listing 3. (Continued from preceding page) 
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often demand detailed control and gener- 
ality present in procedural languages 
only. 

Many end users do not have the time 
to become expert at using powerful non- 
procedural tools. They would rather ask 
the questions, have a specialist produce 
some code that generates the answer 
when they select one menu option, and 
possibly enter some raw data interactive- 
ly. If the specialist meets their request in 
a nonprocedural tool in a few hours or a 
day, as compared to three or more days 
with a fourth generation language proce- 
dural system, so much the better. 

To me this makes perfect sense. Even 
if the average end user could learn to use 
NOMAD2’s list processor to formulate 
reports like that in Listing 3 in two days, 
a specialist could do the same report in 
one day or less. Either way, the user is 
being more productive by doing what he 
or she does best and leaving the report 
development to someone who might satis- 
fy several end-user requests in asday. 


he objectives of 
* most business 
DBMS applica- 


tions are to capture regular streams of 
data, encompassing all that needs to be 
known to operate the department, divi- 
sion, or company for which the system is 
being developed; to manipulate that data 
for the purpose of converting it to infor- 
mation; and to format information into 
output for solving the business need that 


prompted the application design. ee 


Nonprocedural languages are special- 
ized in nature. The three most familiar 
specialities are screen generators (for in- 
put), report generators (for output), and 
list processors (which in their full form 
support input, relational operations, and 
output in the same syntax). 

All DBMSs provide some means of 
creating and manipulating data struc- 
tures. Large-scale systems (like Supra) 
use a language that is syntactically dif- 
ferent from the list and data manipula- 
tion languages. Operations on the data 
structures are the province of the data 
base analyst. Neither programmers nor 
end users are responsible for the 
structure. 

Some smaller environments (such as 
Informix and NOMAD2) provide power- 
ful structure creation and maintenance 
languages that resemble the query and 
data manipulation dialogues. In other 
products, data structure maintenance is 
accomplished through utility interfaces 
that cannot really be called languages 
because the data structure is the result of 
user responses to a prescribed sequence 
of prompts from the computer. 

UNIFY seems to embody a little bit 
of two worlds. Its basic structure mainte- 
nance system is a utility program, in 
spirit much like that of dBASE, R:base, 
DataFlex, or Revelation. But it supports 


special domain and referential tests 
through advanced field attributes, which 
are strings collected together in a file. 
This collection has the following 
structure: 


Record type (relation name) 
Field (attribute) name 
AFA. | 
AFA.2 


AFA n 
Field (attribute) name 
AFA. 1 


AFA.n 


Record type (relation name) 
Field (attribute) name 


etc. 


An individual advanced field attribute 
might reference a constant, a special 
variable characterizing the particular 
user or current environment, another 
field in the same or second relation, an 
enumerated type, the system date and 


PROGRAMMERS! 


This procedural code was generated from a nonprocedur: 
Note that even though Revelation's LIST command does 1 
displaying COUNTS of records between subtotal breaks, th 
incrementation logic does appear in the output of the code gener: 
(lines 39, 48, 128, 158, 194, and 195). To include COUNTS in th 
subtotal breaks, one only needs to name the established variables 
(SEX.BREAK.COUNT, DIVISION.BREAK.COUNT) in the appropriate output = 
statements (lines 118 and 133 in the place signified by the circles) 
Notice how the program generator's variable naming scheme can produce © 
same humorous constructs. The line numbers are present only for : 
reference. They do not appear in the generated code. (Some 
comment lines have been omitted for brevity.) 


1 PERFORM “SELECT EMPLOYEE WHERE STATUS EQ "ACTIVE" OR STATUS = 
"PART .TIME.REGULAR"' 
2 PERFORM ‘SELECT EMPLOYEE WHERE PROMOTION.TYPE CONTAINS ", 


OR PROMOTION.TYPE CONTAINS "MRX"' 

3 PERFORM ‘SELECT EMPLOYEE WHERE HIRE.DATE BETWEEN 2" ELIGIBILITY 
DATE"? AND?"CUTOFF DATE"?! 

4 PRINTER ON 

6 . * HEADING/FOOTING 

ay HEADING "BONUSES BY DIVISION AND SEX 'LLDPP* " 

8 


FOOL an 
16 @GREC . COUNT=3 
il LAST. BREAK=1 
12 FIRST .PASS=1 
13 LAST. RECORD=9 
15 * OPEN DICT AND DATA FILES 
17 OPEN "DICT", "EMPLOYEE" TO @DICT ELSE STOP 
18 OPEN "", "EMPLOYEE" TO FILE.IN ELSE STOP 
26 * MAKE COLUMN HEADING 


Listing 4. (Continued on following page) 


THE ToOoLs You NEED 
AT A PRICE YOU’LL LIKE 


Supports all index file operations. Very quick 
sequential or random access, duplicate keys, multiple 
indices, fixed and variable length data records are all supported. oS 


75.00 ¢ NOW 


MULTI 


Works on top of BTree to provide a simple, yet -USER 


powerful application program/file system interface. 


40.00 AVAILABLE 


Complex filesystem manipulation becomes a snap. Provides the power 


of a database manager with the flexibility of a programming language. 


60.00 


Finally, a completely device independent printer library! 
Ip drives any printer as accurately as possible and allows easy access to 75.00 
its most sophisticated features. Multiple fonts, multi-column output, complex margin 
formatting, and much more. Pays for itself the first time it’s used. 


The ultimate ‘make’ utility. We couldn’t find a good one, so 


we wrote.a great one. Has all kinds of powerful features including wild 


59.00 


card filename expansion, nested macros, and multiple dependency and rules defini- 


tions. Ready to go for MS-DOS; C source is there if you use another operating 


system. 


Selleeucr 


Combine & Save: BTree + ISAM + Ip 159.00+ snake 199.00 


Each product includes a typeset manual, example programs, and complete C source 
code that runs on any operating system. Softfocus products may be incorporated into 
applications royalty-free. 


Credit card orders accepted. Visa, M/C, Amex. Dealer inquiries invited. 


CIRCLE 20 ON READER SERVICE CARD 


1343 Stanbury Drive 
Oakville, Ontario, Canada 
L6L 2J5 

(416) 825-0903 
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time, etc. It can reverse any of its possi- 
ble tests with a not operator. This list of 
statements is compiled and thus becomes 
attached to the directory structure. The 
advanced field attribute syntax is, there- 
fore, another specialized nonprocedural 
language. 

Other nonprocedural utilities now 
common in popular DBMSs are load and 
dump programs that read from and write 


22 COLHEADING "DIVISION" : @FM : “STATUS” : GEM : "NAME" : GEM : Paradox manages to pull off the feat of 

“MONTH.SALES" : @EM : "NUMBER" : having an identical interface for all three 
23 Se 4: @M:6: @M: 15: GM: 10: GM: 6 nonprocedural languages. It ignores the 
= Cs ee ee ee SEES nee as of SQL in favor of Query 
28 MONTH .SALES . SEX . TOTAL y Forms (QBF). Other products in- 
29 MONTH . SALES .GRAND-TOTAL=@ i clude QBF facilities as an alternative to 
31 BONUS. DIVISION. TOTAL=3 the string-based SQL. QBF is popular 
32 BONUS . SEX . TOTAL=@ because it is easy to learn, but more 
33 BONUS.GRAND. TOTAL=9 complex queries can usually be formulat- 
35 * NULL PREVIOUS BREAK BUCKETS ed in the string language. 
37 PREV.DIVISION='' 

ras OE 

= Diet eee OUD = C:: ener oes 
4g SEX . BREAK. COUNT=9 * are another vari- 
43 READRECORD: ety of nonproce- 
47 * ZERO BREAK FLAGS TO FALSE dural languages. Even the most powerful 
49 DIVISION. BREAK=9 of the contemporary nonprocedural lan- 
5g SEX. BREAK=0 guages fail to provide many kinds of ser- 
BS READNEXT @ID,WHICH.VALUE ELSE vices needed by even small DP 
54 LAST . RECORD=1 applications. Some code (in third or 
55 DIVISION. BREAK=1 fourth generation procedural languages) 
56 DIVISTON PREV DIVISION must be written to supply these services. 
2 See eee The code generator is a program that 
59 END converts answers to prompts and other ; 
61 S.ATID=@ID input into procedural code. Normally = -——~— 
63 IF FIRST.PASS AND LAST.RECORD THEN this is done with a procedural language 
64 PRINT "ZERO Records Listed" closely associated with a particular 
65 PRINTER OFF DBMS, like Bytel Corp.’s Genifer and 
e dBASE III+. To be fair, code generators 
5 oe are not really languages but utility pro- 
7 READ @RECORD FROM es ae ae GOTO READRECORD grams that produce procedural code as 
73 @REC.COUNT¥=1 ome 
6 * CALCULATE VALUE(S) FOR COLUMN(S) Code generators for BASIC or CO- 
78 S.ATID={@ID} BOL are not out of the question, but 
79 S.DIVISION={DIVISION} there is little interest in them. Each time 
8g S.SEX={SEX} ES you move a level of abstraction away 
81 S.NAME={NAME} from the way a processor thinks (ones 
a ee and zeros, registers, memory transfers, 
86 * TEST FOR CONTROL BREAK(S) etc.), you lose some control over the 
88 IF (S.DIVISION NE PREV.DIVISION) OR DIVISION.BREAK THEN operations of that processor. This is true 
89 DIVISION=PREV - DIVISION at every language evolution and is an in- 
98 PREV . DIVISION=S . DIVISION evitable consequence of being able to 
91 DIVISION. BREAK+=1 work in terms of an application problem, 
92 SEX. BREAK=3 not a processor operation. 
93 END The nonprocedural languages I’ve dis- 
2 If (S.SEX NE PREV.SEX) OR SEX.BREAK THEN cussed here achieve their power at the 
96 SEX=PREV . SEX ‘ a p 
97 PREV . SEX=S . SEX price of being task specific. Code gener- 
98 SEX. BREAKI=1 ators are intended to function as an ab- 
99 END stract interface to a general-purpose 
192 IF FIRST.PASS THEN procedural language. In theory, there is 


193 FIRST. PASS=0 
194 GOTO DETAIL 
195 END 

169 BREAKS: 


to flat ASCII files or files in other prod- 
ucts’ formats (for example, spreadsheet 
files). Powerful MIS DBMS applications 
can be built, loaded, and operated entire- 
ly with nonprocedural languages. 

Report generators and screen gener- 
ators tend to have similar interfaces to 
the user or developer. SQL embodies 
something of an interface definition to 
begin with (Codd insisted that state- 
ments be specifiable in a string lan- 


guage), so it does not have the touch and 
feel of other, more contemporary (screen- 
oriented) languages. 

It is obviously advantageous to have 
report- and screen-building interfaces 
that work the same way. These interfaces 
amount to programs that users and de- 
velopers run, which then provide some 
palette or other mechanism for designing 
reports and screens. The fewer programs 
a user must learn the better, thus simi- 
larity in the workings of the report- and 
screen-building modules is important. 

Of the products discussed here, only 


no reason why a nonprocedural code gen- 
erator interface couldn’t be powefful 
enough to fully exercise the potential of 
an underlying procedural language. But 


112 * PRINT BREAK TOTAL(S) AND ACCUMULATE TOTAL(S) A 
oS IF SEX.BREAK THEN such an interface would have to be at 
116 PRINT least as complex as the underlying lan- 


Listing 4. (Continued on a following page! 
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You’ve got better things to do than repeat the same steps. 

Over... . and over. . . and over. Up your productivity with 
Greenleaf Software. 

With more than 70 new functions added to our popular libraries, 
Greenleaf is now the most complete and mature C language function 
resource available. It’s no wonder we’ve been rated the best. Winning 
program developers in major corporations such as IBM, EDS and GM 
have proven our reliability in thousands of applications: 


Step Livel Wy 
New Greenleaf Functions v.3.10 includes 295 of the functions you’ve 
been asking for — DOS, disk, video, color text and graphics, string, 
time/date, keyboard, plus many more! With Greenleaf, 
- you'll finish faster. 


Cut Corners 

When it comes to merging information, the new Greenleaf Comm 
Library v.2.10 is the fastest communications facility of 
its kind. Over 120 functions — ring buffered, 
interrupt-driven asynchronous communications. And, 
only Greenleaf gives you the power to build a 16-port 
communication system. 


Get onthe Fast Track 
Order your new Greenleaf library today! See your 
dealer or call 1-800-523-9830. 


Greenleaf Comm Library $185.00 
Greenleaf Functions $185.00 
Greenleaf DataWindows $225.00 
Greenleaf C Sampler $ 94.50 
Digiboard Comm4 $325.00 
Digiboard Comms $535.00 


In stock, shipped next day. 


CIRCLE 21 ON READER SERVICE CARD 


Avoid steps. 


LI] 


GREENLEAF 114-248-2561 


& Is Software, Inc. 


Greenleaf DataWindows 
and Turbo C 

DataWindows, the finest C 
programming windows tool 
available, puts windows, transaction 
data entry and menus at your 
fingertips. 

Our new TURBO C versions are 
ready to get you going fast! And, 
our new 3-in-1 C Sampler for only 
$94.50 supports both Turbo C and 
Quick C with comm, windows, 
menus and more! Our libraries 
| support all popular C compilers for 
MS DOS. 


Call Toll Free: 


O00-523-9030 


In Texas and Alaska: 


16475 Dallas Parkway, Suite 570 
Dallas, Texas 75248 


i? PRINE SPACE(4) =" “: 


tia PRINT ("+ ox: "*)"ta6"|s 9 


119 PRINT SPACE(15) =: " “ 


128° PRINT OCONV (MONTH. SALES .SEX. TOTAL 7 IMD2;6") "REIO = 
121 PRINT BONUS.SEX.TOTAL "R#6" 

(122 PRINT 

(124 MONTH. SALES . DIVISION . TOTAL+=MONTH. SALES .SEX. TOTAL 
125 MONTH. SALES .SEX .TOTAL=0 

126 BONUS .DIVISION .TOTAL+4=BONUS . SEX. TOTAL 

Ler BONUS .SEX . TOTAL=0 

128 SEX . BREAK . COUNT=6 

129 END 

131 IF DIVISION.BREAK THEN ge brviston.anmaK.cou | 
‘Eoe PRINT 

ioe PRINT ("" ; DIVISION : "")"L#4" |: “ =< 

134 PRINT SPACE(6) : " " : 

135 PRINT SPACE(15) : " " : 

136 PRINT OCONV(MONTH.SALES.DIVISION.TOTAL SYMD2 7S) URPG eae Se 
137 PRINT BONUS.DIVISION.TOTAL "“R#6" 

138 IF NOT(LAST.RECORD) THEN 

148 IF DIVISION.BREAK LT 3 THEN 

141 PAGE 

142 END 

144 END 

146 MONTH. SALES .GRAND . TOTAL+=MONTH. SALES .DIVISION. TOTAL 
147 MONTH. SALES . DIVISION. TOTAL=@ 

148 BONUS .GRAND. TOTAL+=BONUS . DIVISION. TOTAL 

149 BONUS . DIVISION .TOTAL= 

158 DIVISION . BREAK . COUNT=0 

Lo END 

153 * PERFORM LAST RECORD OUTPUT IF DONE 

155 IF LAST.RECORD THEN 

156 PRINT 

157 PRINT (keen : DUB ge al : TEE U SS 

158 PRINT SPACE(6) : " " : 

159 PRINT SPACE(15) : "": 

160 PRINT OCONV (MONTH.SALES.GRAND. TOTAL FUMDI2 7 Se! RipLO eee ae 
161 PRINT BONUS.GRAND.TOTAL "R#6" 

162 * PRINT 

163 * PRINT @REC.COUNT : " Records Processed" 

164 STOP 

165 END 

168 DETAIL: 

ane * ACCUMULATE TOTAL(S) 

173 IF NUM(S.MONTH.SALES) THEN 

174 MONTH. SALES .SEX.TOTALA=S .MONTH. SALES 

175 END 

176 IF NUM(S.BONUS) THEN 

Lyd BONUS. SEX. TOTAL+=S . BONUS 

dass END oe 

186 * DO CONVERSIONS IF ANY nee 
pee S. MONTH. SALES=OCONV(S.MONTH. SALES, "MD2,$") aie 
185 * PRINT DETAIL LINE 

187 PRINT S.DIVISION "L#4" : " " : 

188 PRINT S.SEX "L#6" : "0" 3 

189 —- PRINT S.NAME "L#15": ""; 

198 PRINT S.MONTH.SALES "R#10" : " " 

191 PRINT S.BONUS "R#6" 

194 DIVISION . BREAK .COUNT+=1 

195 SEX. BREAK . COUNT+=1 

co7 GOTO READRECORD 

Lge END 

* RE kk 
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guage, defeating the purpose of the code 
generator. 

Code generators are useful for rapidly 
establishing application skeletons such as 
menus, screens, and some reports—to be 
further built up by applications develop- 
ers working directly in the procedural 
language. R:base System V’s Application 
Express is an example of a procedural 
code generator. It assembles screens and 
reports under menus it automatically 
generates. Developers then produce mod- 
ules of procedural code to be inserted at 
appropriate points into an output stream 
that reflects the application in a combi- 
nation of procedural and nonprocedural 
(screen and report executions) code. 

Revelation also contains a code gener- 
ator that turns screen designs and LIST 
statements into their equivalents in pro- 
cedural code. The Revelation list proces- 
sor does not have an option to provide 
counters for the number of individual re- 
cords in each of the breaking groups in 
Listing 3. Executing the statement with 
an SX appended on the end produces the 
code in Listing 4. This code already con- 
tains the necessary counter variables and 
the statements that increment them. The 
programmer need only insert the appro- 


‘priate output statements. 


All too often, developers fail to make 
the most productive use of the develop- 
ment tools available in a given DBMS or 
fourth generation environment because it 
requires casting the application in such a 
way as to leverage productivity on the 
environment’s tools. Design is at the mer- 
cy of the available tools. The trick to us- 
ing contemporary fourth generation 
languages fully is not to reject this neces- 
sary evil, but to embrace it by choosing 
between environments that best allow us- 
ers to express specific applications while 
solving a corporate problem. 

Just as third generation languages can 
be differentiated along lines of applica- 
tion areas that best suit them, DBMS 
and fourth generation language environ- 
ments usually are best suited to certain 
kinds of applications and processing vol- 
umes. Where there is a requirement for 
an environment that is efficacious in a 
wide variety of applications, the need for 
large-scale development in complex pro- 
cedural languages must be accepted and 
accounted for. = | 
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MICROSOFT LAN GUAGES NEWSLETTER VOL. 2,N 0. 10 
. : News about the Microsoft Languages Family 


Optimizing Your Programs with the Microsoft” C Optimizing Compiler Version 5.0 

Fast execution speed is the single most important feature of a C compiler. Volume 2, Number 2 of the Microsoft Languages _ 
oe talked oe the optimizations available m Microsoft C Version 4.0. Microsoft C Version 5.0 takes these optimizations 
further. For example. 


for @ = 0;1 < 25; i++) becomes tmp = axb; 
arrayfi] = axb; for @ = 0;1 < 25;1+4) 
: array [i] = tmp; 
Since a and b are not affected by the loop, they are moved outside of the loop. This optimization is called invariant code motion. 
The Microsoft C Optimizing Compiler also uses instructions available on the 8086 to optimize specialized loops. Initialization 
and memory movement loops are two examples. The optimizer generates REP STOSW and REP MOVSW instructions for 


int i, x[25], and int i, x[25], y[25}; 
for@=0,:— 201,45) : for (i = 0;1 < 25:14 
x{i] = 0; xf] = yhil; 

The following example i is more complicated. The optimizer rewrites array references as pointer references because they are 
more efficient. : 
int 1, x[20); becomes int i, x[25], «ptr; 
for ( = Oi = 20:14-4) for G@ = 0, ptr = x; i< 26;1+4, ptr++) 

xfil] = ind; xptr = ix4; 


Then the optimizer puts key variables in registers using loop enregistering and changes the loop incrementation using a ~ 
process called strength reduction. The loop becomes 


int 1, x[25]; 
le D5: 
register int J; 
register int «ptr; 
for G = 0, ptr = x;j < 100;] + = 4,pir++) _ 


«ptr ag i 


\ Q 
The final form of the loop uses registers for key values and exchanges addition instructions for multiplication instructions. 
Here is the output of the Microsoft C Optimizing Compiler in 8086 assembly code. 


mov WORD PIR [bp-62],25 ; set final value of i to 25 

mov dibp 

sub di,50 ; load pointer to x 

sub sisi ; set temporary register variable to 0 

; this variable is used as the loop counter 

$L.20000: 

mov WORD PTR {dij,si ; setthe array value 

add di,2 ; increment pointer by 2 

add s 4 ; increment loop counter by 4 

cmp 1,96 ; check if we are at the end of the loop 

jle $1.20000 


What i 1s the result of these optimizations? Programs compiled with Microsoft C Version 5.0 run 15 to 30 percent faster than 
those compiled with Version 4.0. 


| For more information on the products and features 


a ue the eens co Latest DOS Versions: 
write to: Microso! cuages Newsletter 
16011 NE 36th Way, Box 97017, Redmond, WA 98073-9717. Pe ape a 
Or phone: . Micrecott QuickC 1.00 
(800) 426-9400, In Washington State and Alaska, oo 
- call (206) 882-8088. In Canada, call (416) 673-7638. Microsoft FORTRAN 4.01 
Microsoft Macro Assembler 5.00 
Microsoft Pascal Bo2 


MenohOicessic. = 400 


___ Microsoft and the Microsoft logo are registered trademarks of Microsoft Corporation. 


_Look for the Microsoft Languages Newsletter every month in this publication. Micresoftt : _ a 


WORM 


(Write Once, Read Many) 


coming—and 
they will require 
ele : a novel way of 
storing and updating data compared to 
what we are used to. What kind of 
WORM are we talking about? “Write 
Once, Read Many”—optical storage de- 
vices that can be written to only one 
time. 

The advantage of a WORM drive is 
its very large capacity and low cost. The 
200MB cartridges for the IBM 3363 op- 
tical disk drive cost about $65 each. The 
cost of storage works out to less than 
$.33 per megabyte. This compares very 
favorably to $1.10 per megabyte for flea- 
market floppies at $.40 each. _ 

What is a WORM drive specially suit- 
ed for? The most obvious use is archival 
data storage. The cartridges should be 
readable for 10 to 20 years. They can 
also be used to back up hard disks and 
ensure data integrity in case of failure. 
Backing up a full 20MB disk on a week- 
ly basis would cost less than $25 per 
month. Any file could be restored to its 
previous state at any period since backup 
began. 

What are WORM’s not good for? 
Storing any file that by its nature is tem- 


‘porary. The worst examples are save files 


produced by word processors every few 
minutes or temporary files generated by 
compilers and thrown away after the 
compile. Almost as bad are the many 
versions of source and machine code pro- 
duced by programmers during the itera- 
tive process of editing, compiling, and 


he WORMs are | 


Trees 


By E.J. Smith 


program testing. Who would want a per- 
manent record of all those miserable lit- 
tle changes? 

But is there a middle ground, a valid 
use for a WORM that includes frequent- 
ly changed data? Yes. It makes good 
sense to put a data base on a WORM, 
even if it is frequently updated. This 
might seem surprising, but an active file 
on a WORM can be more economical 
than on a hard disk. 

An optical storage device (a WORM 
drive) uses a medium-power laser to 
burn a bit pattern on the removable disk. 
The data can be read an unlimited num- 
ber of times by a low-power laser beam. 
But once the data is written, the hard- 
ware prevents it from ever being changed 
again. The WORM is organized like a 
typical hard disk? It has multiple tracks 
that are subdivided into fixed-length sec- 
tors of 512 bytes each. For example, the 
200MB optical drive consists of 17,100 
tracks of 23 sectors each. 

The WORM hardware is capable of 
writing to any unused sector on the disk. 
It cannot write less than the full 512- 
byte sector, and it cannot overwrite a 
previously written one. It can, however, 
verify the validity of the just-written 
data and report an error if appropriate. 
An error-containing sector is not reada- 
ble, so a rewrite after an error is always 
necessary. Only empty sectors can be 
written on, and only sectors that contain 
data can be read. These are the mini- 
mum capabilities needed to implement a 
B-tree on a WORM. 


Simple file system 

Stop for a moment and consider how you 
would change data on a medium that ab- 
solutely cannot be changed. Your first 


thought might be to write the changed 
record to an empty region on the drive. 
Actually, this is the only way to change a 
record. But the problem really has not 
been solved. A pointer (index) to the 
data is needed. So how do you change 
the pointer? The same problem exists but 
at a different level. 

Before the index-update problem is 
discussed, let’s look at a brute-force ac- 
cess method. This simple access method 
is helpful in introducing the concept of 
indelible data. Also, it highlights prob- 
lems that are characteristic of this indel- 
ible medium. 

The following example involves a file 
in which records will be added, updated, 
deleted, and accessed by key in random 
sequence. Only one record is stored in 
each 512-byte sector. The following rec- 
ord layout is used: 


key time stamp D_ data unused 


A time stamp is included so that the 
file can be reconstructed at an earlier 
date. D denotes a space for a delete code 
that indicates the key has been deleted 
from the file. 

The file method is very simple: 

1. Start at the first available (unused) 
sector on the WORM disk. Save a point- 
er to the starting place. 

2. To write a record, scan tracks and 
sectors sequentially until the first avail- 
able sector is found and then write the 
record there. Rewrite if an error occurs. 
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3. Updating a record is the same as 
writing a record. 

4. Deleting a record is the same as 
writing a record, but a delete code is 
included. 

5. To access a record, start at the be- 
ginning of the file and read all-records. 
When a record with the key is found, put 
it in a buffer. At the end of the scan, the 
buffer will contain the most recent 
record. 

Every record ever written is perma- 
nently saved in the file. Sectors are in 
absolute sequence of their creation. The 
time stamp enables the data file to be re- 


WORM tree with five records 


] 2 3 
112 
113 
tracks 


stored to a prior state of any time since 
its creation. 

A pointer to the end of the file can be 
used to add, change, or delete records. 
But to access a record the entire file 
must be scanned. Adds and changes are 
simple and fast, but accesses are unac- 
ceptably inefficient. 

To improve access efficiency the file 
could be scanned once to generate an in- 
dex. But that is cheating a little; ‘the in- 
dex might be too big to fit in memory. 
And because optical disks, like floppies, 
are removable, the index must be fully 


contained on the WORM cartridge itself. 


4 5 (sectors) 


The digit | indicates that this is the first instance of a record with this key. 


Figure 1. 


WORM tree with grape added 


100 


101 
112 
113 


tracks 


Figure 2. 
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‘this tree, banana has been revised and grape added. Two instances of banana occur in the file. 


5 (sectors) 


This example illustrates the write-once 
nature of the hardware. To delete a rec- 
ord, it is tempting to write over the latest 
record and produce an invalid sector. 
This would take advantage of the fact 
that bad sectors are not readable. But 
the hardware won’t allow a rewrite, and 
it is not necessary when using the bal- 
anced-trée (B-tree) method. 


B-tree organization 

The term “B-tree” refers to a data base 
organization originated by R. Bayer and 
E. McCreight,' a balanced-tree organiza- 
tion that allows access by key. This tech- 
nique has been discussed many times in 
books and magazines. For example, N. 
Wirth provides code examples in Pascal? 
and W.J. Hunt in C3 (A good discussion 
of B-trees and a review of three B-tree 
filing systems for C appeared in the Au- 
gust issue of COMPUTER LAN- 
GUAGE, pp. 113-126.) 

The B-tree method is complex to ex- 
plain. When I first learned how to bal- 
ance a tree, my instructor drew a 
number of boxes (representing records) 
on the blackboard. There were arrows in- 
terconnecting these boxes, eventually 
forming an upside-down tree. It became 
rather difficult to follow: 

“Now we add the key ‘Xylophone,’ 
which results in the tree becoming unbal- 
anced on the right.’ With an eraser bus- 
ily in motion in one hand and the chalk 
in another, he continued. “After rewrit- 
ing these four records and changing this 
pointer, and this one, and this one here, 
the tree is once again balanced. Any 
questions?” 

My instructor could have put his eras- 
er away when describing WORM trees. 
No changes are allowed, but a larger 
blackboard might be useful. The method 
discussed in this article is from M. Eas- 
ton‘ and pertains solely to WORM de- 
vices. Since records and pointers cannot 
be changed, it is not surprising that a 
WORM tree is conceptually simpler than 
the standard B-tree. 2 

Though changes are not possible, we 
must somehow leave space within the file 
for new records to be added and pointers 
to be updated. This is achieved by orga- 
nizing the data on a track basis rather 
than a sector basis. The drive then can 
be thought of as a two-dimensional array. 


Each row in the following examples is 
a track containing five sectors. With the 
array-of-sectors idea in mind, let’s build 
the WORM tree indexed file. 

Figure | shows the file after the first 
five records have been inserted. Using 
the algorithm described here would place 
more entries in the index: the index is ab- 
breviated to simplify the discussion. 

Track 100 holds the index. FIRST is a 
pointer to the track that contains the 
data record with the lowest key. A time 
stamp is included in each index sector 
and data sector to allow the data file to 
be restored. 

Two very important ideas are illustrat- 
ed in Figure 1. First, records on the same 
track are not necessarily in sequence. 
Second, there is room on a track to insert 
new records. 

The index to the WORM tree begins 
at track 100, the first available location 
in our example. Skipping over some 
tracks (for future index expansion) the 
first record is put on track 112. The sec- 
ond index entry shows that kiwi is the 
lowest key on track 113. Since there are 
no more entries in the index, track 113 is 
the last one with data. 

Scanning the index shows that if key 
banana exists, it must be on track 112. 
Accessing this key requires that track 
112 be read sequentially from the first 
sector to the first empty sector. Records 
on a track are not in sorted sequence, 
which means the desired record can be 
anywhere on a track. 

The next operation updates record ba- 
nana. The index points to track 112, 
which has two empty sectors available. 
The updated version of the record is 
placed in the first available sector. Next, 
record grape is added to the file and put 
in the last available sector of track 112. 
The state of the file after these two 
operations is shown in Figure 2. 

To access banana, the index points to 
track 112. The access method is similar 
to that for the simple file example, but 
only one,track has to be scanned, not the 
whole file. During the scan, only the lat- 
est version of record banana is kept in 
the read buffer. The latest version is 
called the current version. Track 112 is 
now full, but it contains four (not five) 
current records. 


So far the index has not needed to be 
changed. But updating record apple 
forces a reorganization. Track 112 is full 
and therefore must be split. Figure 3 
shows the file after two more records 
have been written to track 112. 

Two copies of FJRST are in the index. 
Following the rule of using only the lat- 
est copy of a sector, the FIRST that 
points to track 114 is the valid pointer. 
The index has three current entries at 
this time. When track 112 was split, only 


the most recent version of record banana 
was copied and the updated version of 
grape written. The first version of these 
records are still accessible because the 
earlier FIRST pointer remains in the in- 
dex and can be used. 

Deleting a record employs the same 
method as updating it, except that a de- 
lete code is included. When a track with 
a deleted record is copied, the deleted 
record is not copied. Figure 4 shows the 
file with this deletion. 


WORM tree with more revisions 


5 (sectors) 


He pe ee ee 


tracks 


Record grape has been updated, track 112 split, and the index revised. When track 112 is split, only 


the latest versiort of the record is copied. 


Figure 3. 


WORM tree with apple deleted and guava added 


100 
101 
112 
kiwi 1 


113 walnut | 


114 
115 
116 


tracks 


Figure 4. 
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FIRST 112 | kiwi +113 FIRST 114 | cherry ~115 ae 
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Restoring file to previous state 
Each record has a time and date stamp 
that identifies when the record was writ- 
ten. It is easy to restore the file to a pre- 
vious state at any time since its creation. 
The file is not actually restored, but the 
access method can accept a date and 
then present an illusion of the file as it 
existed at that date. Figure 5 shows the 
file with time stamps as of 10/07/87. 

Assume we want to access records as 
of 10/04/87. The index track or a data 
track is scanned for a key, but the scan is 
halted when a sector with a date after 
10/04/07 is found (or when there are no 
more sectors). The results of this date- 
sensitive scan are indicated by asterisks 
(*) in the figure. Only asterisk-indicated 
sectors exist when performing the access. 
Looking only at the sectors with aster- 
isks, an access to apple returns the rec- 
ord dated 10/01/87 (the first sector of 
track 114). 


This example shows that a B-tree algo- 
rithm on a write-once device is simpler 
than the standard B-tree. Listing 1 pro- 
vides greater detail. To summarize the 
method: 

Access. Scan through the index point- 
ers to obtain the desired data track num- 
ber for the key. Read the contents of the 
track and use only the latest version of 
the record. 

Add, update, and delete. Use the index 
to obtain the desired track number. If the 
track is not full, put the record in the 
next available sector. If the track is full, 
copy current records to the next available 
track. If the amount of records to be cop- 
ied is greater than 50%-75% of a full 
track, split them in half and copy them 
to two tracks. Update the index by add- 
ing pointer(s) to the new track(s). If an 
index track becomes full, split it follow- 
ing the safne strategy as when splitting a 
data track. 


WORM tree with time stamps 


4 5 (sectors) 


1 2 3 
100 FIRST -112 kiwi ls FIRST 114 | cherry +115 
10/01/87 10/01/87 * | 10/04/87 * | 10/04/87 * 
10] 
112 banana banana 
10/01/87 10/01/87 10/01/87 10/02/87 10/03/87 
2S walnut 1 
10/01/87 * | 10/01/87 * 
114 apple | banana 2 
10/01/87 * | 10/02/87 * 
115 cherry | grape 2 
10/01/87 * | 10/04/87 * 
tracks 


Time stamps show when the sector was written. The * indicates latest sector not later then 10/04/87. 
Only these sectors are read when a date-sensitive access is performed. 


Figure 5. 
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Adding to a full track 

When a new record is to be added to a 
track that is full, the old sectors are cop- 
ied to one or two new tracks. The num- 
ber of new tracks depends on how many 
current records are on the full track. 

For example, if the full track is made 
up of deleted records and updated copies 
of the same record, then only a few sec- 
tors would be current. In this case, a sin- 
gle new track is used. Only the current 
records in the old track are copied to the 
new track. The effect is that the old re- 
cords are squeezed from the file. 

On the other hand, if the full track 
consists of current records, then it must 
be split in two and each half copied to in- 
dividual tracks. Easton shows that if the 
old track contains 50%-75% current re- 
cords, it should be split in two. If it con- 
tains less, then only one new track should 
be used. He provides tables of storage ef- 
ficiency as a function of this splitting 


percentage (20%-93%) and of the distri- ~ is 


bution of incoming records. 

The index sector is updated after the 
data sector has been successfully written. 
If there is a power failure or the user re- 
moves the cartridge during the write, the 
integrity of the WORM tree is intact. 
The new data records would not be ac- 
cessible in this case, but the index would 
always point to valid data sectors. A re- 
covery routine could be written to update 
the index after this kind of error. Note 
that it is not necessary to close a 
WORM tree file. 

As the index tracks become full, they 
are split following the same rules as for 
splitting data tracks. Easton shows that 
80% current programs is a good criteria 
for the index tracks. This percentage is a 
little higher than that for data (50%- 
75%). 

If the number of sectors in the index 
grows too large to be contained in a rea- 
sonably small number of tracks, an addi- 
tional level of index should be generated. 
The highest-level index points to the next 
low-level index. The lowest-level index 
points to the data sectors. Commercial 
B-tree implementations store the high- 
level index and frequently used lower-lev- 
el indexes in RAM. This technique is 
equally useful in a WORM tree imple- 
mentation. (The concept of multilevel in- 
dices is often used in B-tree 


implementations and is not discussed 
here.) 

The worst possible condition for in- 
coming records is in reverse (descending) 
sequence. If this were to occur, the index 
would have one entry per record. If the 
file already exists and is to be loaded 
onto a WORM tree, it should be sorted 
into ascending sequence before being 
loaded. 

Access to records in a WORM tree 
file assumes access to the index, but how 
is an index found? One method is to re- 
serve a number of tracks, beginning with 
the first available track on the cartridge. 
This first track is a directory area, which 
is an index to the indexes. Updating the 
directory follows the same rules used for 
updating an index to a file. 

If enough space is reserved for file in- 
dex growth, then the directory might not 
need to be updated at all. For example, 
assume there are only five (large) files on 
a 200MB cartridge. The directory index 
contains pointers to each of the five file 
index locations. When a file index be- 
comes full, it is copied to a new area and 
the directory is updated. With proper 
planning the directory would never be- 
come full. 

But if there are a large number of files 
or the file indexes frequently have to be 
moved, then the directory itself might 
have to be moved. In this case, the first 
few tracks must be reserved as pointers 
to the active directory. In any case, a 
hierarchical scheme of indices is used: 
the expected number of files and the fre- 
quency of index relocation should deter- 
mine the number of levels in the 
hierarchy. 


Advantages over a hard disk 
Earlier I said that some WORM uses are 
not practical with a hard disk. The most 
obvious ofthese is permanent, archival 
data file storage. Nothing is really per- 
manent on a hard disk, and users run out 
of room sooner or later. Parkinson’s Law 
about work requiring the amount of time 
alloted to'it also applies to disk space: 
eventually you will need more space than 
is available, so you have to erase data. 
WORMs cannot be erased, so data is 
permanent. Erasing data is contrary to 
basic accounting practices. Bookkeepers 
don’t use erasers on yesterday’s journal. 


procedure: Initialize : 
Get Pointer to the Index Track from the file isectory system. 
Get Pointer to next available track. 
Set Date to current date or to “restore” sede 

end procedure. 


procedure: ACCESS a record by Key 
Scan the Index for (key pointer <= Key) and 
(record date <= Date). 
Read the data track while (record date <= Date). 
Save the latest record containing the Key 
If at least one record containing the Key was found, then Ree 
Return the Record. 
else 
Return a code for key not found. 
end procedure 


procedure: WRITE, UPDATE or DELETE a Record 
/* — for Key */ 
Scan Index for (key pointer <= Key). 
If the data track is not full, then 
Put Record onto the first available sector of the track. 
END. 
else ./* full track */ 
Tf Key is greater than any existing key, then 
* new Key is the highest key */ 
Put Record onto next available track. 
Update Pointer to next available track. 
Call: Update the Index. 
END. 
Read the data track into a buffer. 
Remove deléted and non-current records fran the buffer. 
Add Record to the buffer. 
Sort the buffer in ascending sequence. 
If buffer's size is more than 58-75% of full track, then 
Put half the records into next available track. 
Update Pointer to next available track. 
Call: Update the Index. 
Put remaining half into next available track. 
Update Pointer to next available track. 
Call: Update the Index. 
else /* result is less than 58-75% full */ 
Put the sorted records into next available track. 
Update Pointer to next available track. 
Call: Update the Index. 
end procedure. 


procedure: Update the Index 
/* For a single-level index */ 
If the Index track is not full, then 
Put the new pointer into the first empty sector. 
else /* the index track is full */ 
Read the index track into a buffer. 
Remove non-current pointers. 
Add the new Key to the buffer. 
Sort the buffer in ascending sequence. 
If the buffer is more than 80% full, use two new tracks. 
If there are empty index track(s) available, then 
Write sorted index, starting at next available index 
track(s), splitting as needed. 
Update pointer to next available index track. 
else /* index is full */ 
Copy entire current index to new location on the 
drive (sort if possible). 
Report to file directory system the new pointer to 
the index. 
Update pointer to next available index track. 
end procedure. 


procedure: MAIN 
/* Highest-level code */ 
call: INITIALIZE. 
Do /* process records */ 
if (access a record), then 
call: ACCESS. 
else 
Call: WRITE, UPDATE or DELETE. 
until (User quits). 
end procedure. 


Listing 1. 
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Route 66 Screen Develop- 
ment System provides a fast 
and easy way to create 
professional looking screens 
and windows for compiled 
programs. Using your de- 
signs with our powerful, full 
screen editor, you create 
exactly the look you want 
before including it in your pro- 
gram. Display your screens 
and windows instantly, using 
simple library commands. 


Features include: 
¢ Key Help Windows 
¢ Standard Help Windows 
¢ Code Windows 
¢ Light Bar Menus 
¢ Data Entry Screens 
¢ Much More 


Evaluation Package 
$10 


Complete Package 
$195 


We accept VISA/MC, Check or Money Orde 
IBM PC and Compatibles 
Microsoft C Microsoft Fortran 


IBM is a registered trademark of International Business Machines 
Microsoft is a registered trademark of Microsoft Corporation 
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Accounting rules require a reversing en- 
try to alter an existing entry. This is ex- 
actly what takes place when using a 
WORM tree file. The WORM tree 
method allows the data file to be recon- 
structed at any point in its life. This fea- 
ture provides built-in audit trail 
capability. 

If a record is too big to fit in one sec- 
tor, it can be spread over two or more 
sectors. The size of the record is included 
in a field in the first sector of the record. 
Similarly, a track was assumed to be one 
physical track, but multiple tracks can 
just as easily be used. There is plenty of 
room in the 512-byte index sector to 
specify the number of data sectors per 
track. 

The size of a record in a WORM tree 
does not have to have a fixed length. 
Variable-length capability allows data 
compression techniques to be used. Com- 
pressed records can be updated without 
worrying that the updated record is too 
big to fit back where it came from. 

An example of a variable-length rec- 
ord system is the DOS file system itself. 
The files are merely treated as large rec- 
ords. DOS files are accessed, written, 
rewritten, deleted, and changed in size. 
A WORM tree satisfies all the require- 
ments for maintaining DOS files on a 
WORM drive. 


WORM tree savings 

Each WORM record consumes a 512- 
byte sector. This seems wasteful of stor- 
age space if, say, the record is less than 
200 bytes long. But is this storage eco- 
nomically inferior to hard disk storage? 
A 20MB hard disk, available for $500, 
provides 400 bytes per penny. A 200MB 
WORM cartridge at $65 provides 30K 
per penny: 75 times as much. 

Easton shows that on average two or 
three copies of a record are written in 
the file. Thus a file containing 1,000 rec- 
ords (including updates and deletes) 
would consume 2,000 to 3,000 sectors. 
Assuming a record is updated about 
eight times during the life of the file and 
2.5 copies are stored, then 20 sectors are 
used per active record (8 x 2.5 = 20). 
The cost advantage of 75:1 therefore 
drops to 3:1 because historical data is 
preserved. But the WORM device is still 
economically preferable, and a complete 


history of the data is always available 
from the WORM tree. 


Early bird gets the... 

Optical storage devices provide perma- 
nent data storage at a lower cost than 
any other random access medium. They 
are ideal for archive and backup. Once 
written, data cannot be changed, which 
means novel techniques of data storage 
and access are required. 

Despite the impossibility of changing a 
record, it is practical to implement a B- 
tree access method on a WORM device. 
The cost of WORM cartridges is so low 
in comparison to a standard hard disk 
that a frequently updated file can cost 
less on an optical drive. 

The indelible nature of the data allows 
the file to be restored to any earlier state. 
Variable-length records, such as those re- 
sulting from data compression, do not 
pose the problem of not fitting after a 


change. A WORM tree is a good choice -— 


for a file directory system on the optical 
storage device itself. 

The techniques shown here are simpli- 
fied versions of Easton’s methods. Only a 
single-level index is used. Just as there 
are many variations of B-trees on hard 
disks, there will be many variations of 
WORM trees on optical storage devices. 
The presentation here is intended as a 
starting point for developers. There is 
plenty of room for invention and im- 
provement in WORM tree designs. A 
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Never before have so many leaders in the software 
development field gathered for one event. SOFTWARE - 
DEVELOPMENT ’88 is an exciting conference and trade 
show on the latest innovations and developments in 
programming. The conference is designed to teach you 
practical, advanced techniques you can use in your work 
each day. 
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Rex - C/86 - standalone ROM MS $695 
Turbo C by Borland PC $ 69 


Asynch by Blaise 


Essential Comm Library REGS 125 
With Breakout Debugger PC $ 189 
Greenleaf Comm Library Pe*s, 129 


Multi-Comm - add multitasking PC $ 135 


dBASE Language 


Clipper compiler RES" 399 
dBASE II MS $ 329 
dBase III Plus PC $ 429 
dBASE III LANPack PC $ 649 


DBXL Interpreter RES: 139 
FoxBASE+ - single user MS $ 349 
Quicksilver by Word Tech 


dBASE Support 


dAnalyst P@*s 789 
dBase Tools for C P@'$ 765 
dBrief with Brief - Auto-Indent, 

views structures PG. sG@all 
dBC ISAM by Lattice MS $ 169 
Documentor - dFlow superset MS $ 229 
Genifer by Bytel-code generator MS $ 279 
QuickCode III Plus MS $ 239 
R&R Report Generator MS $ 139 
Seek-It - Query-by-example PC $ 79 
Silver Comm Library MS $ 139 
Tom Rettig’s Library ey 1S) 
UI Programmer-user interfaces PC $ 249 


C Libraries-Communications 
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XENIX 386 Toolkit by Santa Cruz. 
Tools & OS kernel support 4 Gigabyte 
address space, demand paging, virtual 
memory paging. Includes MS C, MASM, 
debugger, file utilities, link kit, 
runtime library. PC $ 379 


Editors for Programming 


BRIEF Programmer's Editor PC Call 


EMACS by UniPress Source: $895 $ 265 
Epsilon - like EMACS PC $ 149 
KEDIT - like XEDIT Pe $799 
ME Macro Editor - Source RES) 79 
Micro Focus Micro/SPF PC $139 
PC/EDT - macros PC $ 229 
PC/VI - by Custom Software MS $ 109 
Personal REXX - V1.6 PC'S 99 
PMATE - power, multitask PC $ 109 
SPF/PC - Version 2.0 PC $ 189 
Vedit MS $ 99 
Vedit PLUS MS $ 129 


C Language-Interpreters 


C-terp by Gimpel - full K & R MS $219 
C Trainer - by Catalytix PC $ 89 
INSTANT C- Source debug, 

Edit to Run-3 seconds, .OBJs MS $369 
Interactive C by IMPACC Assoc. PC $189 
Run/C Professional MS $155 
Run/C Lite MS $ 79 


C Libraries-General 


Blackstar C Function Library PC $119 


C Essentials - 200 functions CG) (a= ie 


C Tools Plus (1 & 2) - Blaise PC $135 
C Utilities by Essential PC $119 
Entelekon C Function Library PC $119 
Entelekon Superfonts for C PC $ 45 
Greenleaf Functions-portable, ASM $139 


LIGHT TOOLS by Blaise PC $ 69 
C Libraries-Files 

C Index by Trio MS $ 89 
/File is object only MS $ 89 
/Plus is full source MS $319 
BTree by Soft Focus MS $ 69 


CBTREE- Source, no royalties MS $ 99 
CTree by Faircom- no royalties MS $315 
ctree w/ rtree MS $519 
rtree - report generation PC $239 
dbQUERY - ad hoc, SQL- based MS Call 
dbVISTA - full indexing, plus optional 
record types, pointers, Network. 
Object only - MS C, LAT, C86 Call 


Source - Single user MS Call 
Source - Multiuser MS Call 
dBx - translator MS $299 
w/source to library MS $429 


FEATURES 


Hoops Graphics Library by Ithaca. 
Object-oriented 2 & 3 D, hidden linc, 
perspective, rendering, rotate. Call 
from C, Pascal, or FORTRAN. Device 
independence. PC $549 


RTC PLUS by Cobalt Blue. Translate 
FORTRAN 77 and RATFOR to C except 
F77 1/0, FORTRAN character, and 
complex expressions. Some DEC F77 
extensions. Library C Source. MS $ 399 


THE PROGRAMMERS SHOP 


provides complete information, advice, guarantees and every product for Microcomputer Programming. 


se ADVANCED sk 
GRAPHICS PROGRAMMERS:™ | 


Call before October 31, 1987 and and mention 
this ad for these SPECIAL PRICES: 


List Normal SPECIAL 
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Greenleaf C Sampler - 107 functions 

for communications, windows, menus, 

business graphics, keyboard control 


Professional Graphics Tool HALO Graphics $300 $205 ; oe 
Tested, reliable tooletaut aphics. developinear time Derdopreeit Paden $595 $297 from pop ul ay Greenleaf libraries. Free 
and effort, produce sophisticated solutions in many Essential Graphics $250 $183 source until 11/15. Turbo, Quick C 
languages. 2 and 3D, wire frame, rotation, 100’s of GraphiC $350 $279. support. No royalties. PC $ 169 
primitives; add power to your environment. MetaWINDOWS $195 $165 
Call TODAY to determine which one is for you. HOOPS Graphics $575 $549 Other Languages 
T HAL 2 
ae eee oe APL*PLUS/PC PC $ 349 
CCS Mumps - Multiuser IC SS) 
C Support-Systems Fortran & Supporting Microsoft MASM MS $ 98 
; Modula-2 Magic Pkg. PC $ 89 
Advantage C+ + PC $479 50:More FORTRAN RE" 95 : : 
: P F Modula-2 Wizards Package PE (S° 159 
C Sharp - realtime, tasks. PC $495 ACS Time Series MS $465 Pagen -yabnecun MS $ 109 
C ToolSet - DIFF, xref, source MS $ 89 I/O Pro - screen development PC $129 PC Forth+ - by Lab Micro PC $ 189 
The HAMMER by OES Systems PC $119 MACFortran by Microsoft MAC $229 
: ree MS F -4.0. full 77° MS $27 Smalltalk/V MS $ 85 
Lattice Text Utilities MS $ 89 Da eC z SNOBOL4 + - great forstrings MS $ 80 
Multi-C - multitasking PC $135 No Limit - Fortran Scientific PC $109 UR/Forth MS $ 259 
PC LINT-Checker. Amiga $89 MS $ 99 Numerical Analyst by Magus = PC $249 eT 
Pfantasy Pac - by Phoenix PC $599 PC-Fortran Tools - xref, pprint PC $165 Xenix/Unix ; 
PforCe + + PC $215 RM/Fortran | _ MS Call Basic - by Microsoft $ 209 
Pre-C - Lint-Like MS $155 Scientific Subroutines - Matrix MS $129 C-Terp by Gimpel Software $ 379 
Quickshell - script compiler PC $349 Multilanguage Support Cobol - by Microsoft $ 609 
Sapicns V8 - 8M workspace PC $269 BTRIEVE ISAM MS $185 Cobol Tools - by Microsoft $ 319 
SECURITY LIB - Source $229 PC $115 : Fortran or Pascal - by Microsoft $ 419 
ARES licer PC $265 BTRIEVE/N-multiuser MS $455 Foxbaseee $ 649 
with library source PC $895 Flash-Up Windows PC $ 79 MicroFocus Lev. II Compact COBOL$ 795 


GSS Graphics Dev’t Toolkit PC $375 


Panel $ 535 


PC $125: on 


C-Screens, Windows, Graphics Hi-Screen XL - Lotus-style, menus, RM/Cobol or RM/Fortran Call 
C Power Windows by Entelekon PC $109 windows ny <a Vedit + $ 209 
anno [nteree ‘ite PC $249 Informix 4GL-application builder PC $789 Xenix Complete System $ 999 
Cc Hone Y Mone Eee) 9 Informix SQL - ANSI standard PC $639 Xenix Development System $ 499 
pee erenscicnunes Bee NET-TOOLS - NET-BIOS — PC $129 
Curses by eee . : Bs Opt Tech Sort - sort, merge MS $ 99 Other Products 
ESSENTIAL GRAPHICS fast PC $185 Bea MS. S215 386 Assembler/Linker PC $ 389 
FontWINDOW/PLUS ar PC $229 Pfinish - by Phoenix MS $229 Advantage Link PC $ 359 
Ga hic - PC $279 PolyBoost- speed I/O, keyboard PC Call ASMBIB - 170+ routes 
ose Winder BC S150 Polylibrarian by Polytron MS Call asmTREE-B +treefilememt. PC $ 329 
nee ae Sandows Ae gone Prime Factor FFT - 8087/287 PC $145 Re God Pere a ano 
Ween’ ; PVCS Corporate or Personal MS Call ae as 59 
LightWINDOWS/C-for Datalight C PC $ 79 QMake by Quilt Co MS $ 79 Dan Bricklin’s Demo Program PC ibe 


Screen Ace Form Master PC $195 
TurboWINDOW/C - for TurboC PC $ 79 
Vitamin C - screen I/O PC $159 
Windows for C - fast PC $189 
Windows for Data - validation PC $319 
View Manager - by Blaise PC $199 
ZView - screen generator MS $139 


Debuggers 


Report Option - for Xtrieve MS $109 
Screen Sculptor PC $ 89 
SRMS - V 3.0 MS $159 
SSP/PC - 145+ math routines PC $269 
Synergy - create user interfaces MS $375 
Xtrieve - organize database MS $199 
ZAP Communications- VT 100 PC $ 89 


Pascal and Supporting 


Desqview by Quarterdeck PC 
Disk Technician - smart upkeep PC 
Help/Control - on line help PC 
Interactive Easyflow V5.0 RE 
Link & Locate - Intel tools = MS 


Microsoft Windows RE 
Software Development Kit = PC 
MKS Toolkit - Unix, vi, awk PC 


$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
LMK - like UNIX make MS i 139 
$ 
$ 
$ 
$ 
$ 
$ 


- = a5) 
: Breakaut: ee bi BC $89 Bed Chan ee han : . Noe Delite Advanta MS 99 
- vi ze isk - Pi 
C SPRITE data structures PC S119. Marshall Pascal MS S155 -  PLink | 86 PLUS. overlays MS § 279 
DSD87 ~ PC*$ 89 MAO een eo Polymake by Polytron MS Call 
F bit-mapped, fast PC $129 

psteon mC $289 ucWANBG WS nLus re tap. PORSMaL ty Felon MS Cal 
Brecon 1k PC $105 ee Roses is ee RPG Il] Compiler PC $ 639 
Eevee \OMZ Neon, FOES Se Bale we Sia Seen VAM imal mgs. BC 8 20 

a ye ar gcc SE Turbo Extender by Turbo Power PC $ 65 5 ea 
Turbo TDebug PES 55 - Taskview - ten tasks PE*S 55) 
SoftProbe Il - embedded systems PC $695 DataBase & File Management Tree Diagrammer shee Ee : B 

Visible C ter: 

Translator DataFlex by Data Access PC $ 899 ities ainesic aephie tree PC $ 45 
dB2C Toolkit - V2.0 MS $289 Dataflex multiuser PC $1149 Note: Mention this ad. Some prices are specials. Ask about COD 
TP2C PC $219 Paradox PC $ 549 and POs. Formats: 3” laptop now available, plus 200 others. UPS 
Turbo-to-C-Tools by GI PC $109 Revelation by Cosmos PC $ 779 ae shipping add $3/item. All prices subject to change without 


Call for a catalog, literature, advice and service you can trust 


“The scope and detail of services you provide are 


= HOURS @@) 


8:30 AM - 8:00 PM EST. 


800-421-8006 


THE PROGRAMMER’S SHOP ™ 
Your complete source for software. services and answers 
5-L Pond Park Road, Hingham, MA 02043 

Mass: 800-442-8070 or 617-740-2510 — g/g7 
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exemplary — it’s obvious you have given a lot of 
thought to what information people need . . . For some- 
one like myself, critical appraisals of software and com- 
prehensive collections of offerings such as you have are 


really useful.” A. Bruce Cyr 


Foundation of American College 
of Health Care Administrators 


| | | 
_ The new generation of soferare 
development tools are here. _ It’s D4 


Arity ... 
The only fully-integrated family of software development 
tools designed for today’s programming needs. 


You’re looking for a language which can handle today’s programming tasks: 
expert systems, natural language, relational databases, intelligent human interfaces. 
Your best move is Arity/Prolog. Arity/Prolog is the foundation for a variety of 


programming tools designed to meet your programming needs. | 


| 
ey 
Prolog e- 
Arity/Prolog is a true superset of the Lp = SF ’) 
4 


Edinburgh Prolog standard. It includes 
features such as one gigabyte of virtual 
memory, complete string support, database 
partitioning, definite clause grammar oe 
support, and full MS-DOS access. And 

Arity/Prolog has highly-developed inter- 
Expert Systems i. | » faces to other programming fanteeee 
Arity/Expert is a programming tool which == == such as C, assembly, and Pascal. So you 
bridges the gap between a human’s view of a don’t have to abandon your existing devel- 
problem and a computer's view of the problem. opment efforts to take advantage of the 
—— Arity/Expert is a frame-based system which —— power and flexibility of Arity/Prolog. 
features backward chaining, automatic explan- Arity/Prolog is the overwhelming choice 
ation generation, positive and negative confi- of users and reviewers alike as the premier Prolog 
dence factors, and complete system debugging implementation for IBM PCs and compatibles. 
facilities. And Arity/Expert is designed with 
a unique open-ended architecture that allows | 

Check us out! 


you to customize your expert system to 
match your individual needs. Call today for more information on the Arity 
family of software development tools. 


1-800-PC-Arity 
(Mass: 617-371-1243) 


Structured Query Language (SQL) is fast becoming the 
industry standard relational database interface language. 
The Arity/SQL package lets you easily add this familiar 
database interface to your Arity/Prolog applications. Using 
Arity/SQL queries, you can easily display specific information 
from a database table, combine data from many different 
tables, and perform comparisons among data in the database. 
If you’re planning to incorporate relational database technology 
into any of your applications, you’ll want to use the 
combination of Arity/Prolog and Arity/SQL to speed your 
development efforts. 


: Arity Corporation 30 Domino Drive 
‘ Concord, Massachusetts 
01742 
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rr * eis 
Prototyping 
Getting a Jump on 
Data Base Design 


f your programs 
are going to be 
around for several 
years, you don’t 


want to have to continually fix and en- 
hance them; you want to get them right 
the first time. The same is true for your 
data bases; before you can fire up your 
favorite data base management system 
(DBMS) and set up data base files, you 
have to know what they must contain 
and how they are structured. 

Information modeling is a technique 
applied in the early phases of require- 
ments analysis to diagram and specify 
the information used in the business. 
After the programs and data have been 
specified, you can prototype a design to 
verify and validate the specified 
requirements. 

In this article I will introduce informa- 
tion modeling and describe how to devel- 
op a prototype data base on your 
microcomputer DBMS. Using these 
techniques you can quickly develop the 
data base files and data entry and pro- 
cessing routines. 

Before we can begin to build a pro- 
gram, we must understand the processing 
and the data being processed. The Janu- 
ary 1987 issue of COMPUTER LAN- 
GUAGE explored some methodologies 
for process design: this article deals with 
a technique to prototype data design. 

Within the field of systems manage- 
ment, a generally acknowledged system 


a 


By Roger D. Wickes 


life-cycle model (SLCM) provides a 
methodology for developing any kind of 
manual or automated system that deals 
with building things: factories, space- 
craft, or computer systems. Since com- 
puter system development is so costly, 
much work has gone into developing an 
SLCM for hardware and software devel- 
opment. Although variations exist, the 
general idea is that the life cycle of every 
software project includes the following 
phases: 

wFeasibility (technical, economic, 
ethical) 

mRequirements (what does it have to 
do?) 

mDesign (what is the best way to do it?) 
almplementation (build and test it) 

mw Maintenance (fix and enhance it). 

This model has been called a waterfall 
model because the products of each 
phase pour into the next phase. Before 
beginning a phase, a review of the pre- 
vious phase is conducted and the project 
is reevaluated and realigned. A decision 
is made either to proceed or to go back 
and improve on the previous phases. 
Each phase may last a few seconds or a 
few years; a project I recently completed 
took 15 months just to establish 
requirements. 

The requirements phase produces pro- 
cess and data specifications. The process 
specification states what the system must 
do in a logical/hypothetical/abstract 
sense; there are no real-world constraints. 
The data specification states what infor- 
mation the system must store to perform 
its function. 

Depending on the application, various 
techniques can be used to express the re- 


quirements. Process specification may 
employ the Yourdon technique of current 
physical, current logical, and new logical 
structured specifications. A structured 
specification consists of data flow dia- 
grams (DFDs), a data dictionary, and 
minispecifications to express processing 
requirements. To express the data specifi- 
cation, a technique known as information 
modeling (also called entity-relationship 
diagramming) can be used to specify the 
data kept by the system. 

The design phase establishes how the 
system will work. Generally, a decision is 
made as to which processes will be auto- 
mated and how they should be imple- 
mented. Hardware and software 
architectures are determined. A new sys- 
tem is designed for the software, and 
structure charts and pseudocode are de- 
veloped. During implementation, the sys- 
tem is coded, tested, and integrated. 
When the system is accepted, it is de- 
ployed and maintenance begins. 


Data specification 

This article focuses on the data specifica- 
tion part of the requirements phase and 
the very beginning of the design phase 
after the processes that will be automat- 
ed have been chosen. After introducing 
information modeling, we’ll see how to 
use those requirements to prototype a 
data base design. 

In information modeling, an entity is 
described by a group of data elements 
pertaining to that specific subject or type 
of person, place, or thing. Information is 
developed when each group is related to 
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or associated with other groups. This net- 
work is shown graphically in an entity- 
relationship diagram (ERD). Each 
rectangle is an entity that is joined to 
other entities via relationships. 

A simplified ERD (Figure 1) shows a 
small piece of information used in a 
transportation system—a shipment is de- 
livered by a carrier on a certain date and 
time. Carrier contains data about a com- 
pany that transports freight. Shipment 
contains data about the stuff being 
moved. Delivery is a special kind of enti- 
ty called an associative object; it contains 
Cae Delivery data that describes the circumstances or 
events surrounding the relationship. In 
this case, Delivery contains data telling 
when and in what condition the carrier 
delivered the shipment. 

Using this ERD, we can answer the 
question “Which carrier delivered ship- 


ity-r . hip diagram network ment ABCD?” or “When did shipment 
Entity elationship g ABCD arrive?” Since a shipment is com- 


Figure 1. 


destined for a consignee, we can answer 
the question “Which carrier delivered 
Frank’s boxes?” by traversing the ERDs 
shown in Figure 2. 

Along with these ERDs, we have enti- 
ty descriptions that (as a minimum) de- 
scribe what we mean by Carrier and list 
the data elements that are needed. The 
data elements might be: 


Delivery CRRR = NUMB *Standard Carrier 
Alpha Code* 

+ NAME.CMPN *Name of 
company; carrier line* 

+ NAME.AGNT “Local Agent's 
name* — 

+ ADDR.STRT *Street Address* 

+ ADDR.CITY 

+ ADDR.ST *State* 

+ ADDR.ZIP *Zip code* 

+ ADDR.PHON *Phone number* 


Shipment 


Is shipped to 


Is composed 


In a good information model, each en- 
tity is in third normal form. Relation- 
ships are specified in relationship 
descriptions. The description states the 
forward and reverse cardinality (relative 
ratios) of the relationship and states the 
necessary and sufficient conditions under 
which the relationship can be formed. In 
our example, the description might read: 


Consignee 


Figure 2. 


i 
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posed of packages and each package is ——~ 


“For each carrier there are many ship- 
ments, resulting in one delivery, such 
that a carrier can deliver many ship- 

_ments to us, with a delivery recording 
when and how the shipment was deliv- 
ered, when: 

1. The carrier arrives at our off-load- 
ing dock, 

2. The shipment is identified as des- 
tined for us, 

3. It is not supposed to be reconsigned, 

4. It is off-loaded, 

5. Any damages, shortages, or over- 
ages have been identified, and 

6. The conveyance leaves our facility. 
A shipment is delivered by one carrier.” 

These statements cite the basic facts 
and fundamental actions that occur in 
the business; in this case, those that con- 
stitute the act of delivering. In an excel- 
lent information model, relationships are 
represented in the best possible fifth nor- 
mal form. Other components of an entity 
or relationship description could cite re- 
ferences, access requirements, and notes. 

In the design phase, we have to figure 
what it’s going to take to make it work 
and decide upon the overall software ar- 
chitecture. If a simple file system will be 
used, we have to translate the informa- 
tion model into a set of sequential, di- 
rect, or indexed files. If the system will 
use a DBMS, we want to translate this 
information model into a set of data base 
files using a hierarchical, relational, or 
networked architecture. If we’re treading 
on new ground or want some visibility, 
we can start a parallel effort to develop a 
prototype. 

I view a prototype as a throw-away ef- 
fort used early in the design phase to in- 
vestigate possible designs or establish a 
good relationship with the users. For 
these reasons, we want a prototype that 
is a quick-and-dirty way to satisfy the 
system requirements. We also want to 
find out which designs will work and 
which ones won’t. A prototype offers a 
working model of the system but has lit- 
tle error trapping and no on-line help or 
fancy colors. Documentation is scarce or 


nonexistent. A microcomputer relational 


FINALLY! 


EASYFLOW 


A’ on-screen flowchart processor that knows about flowcharts - not just 
Ao ‘screen draw’ program that makes you do most of the work. 

EASYFLOw is a powerful full-screen graphics program dedicated to flowcharts 

and organization charts. With it you can quickly compose charts. More 

important, you can easily modify charts so they are always up to date. 

> Automatic: Fully automatic text centering within shapes, both horizontally and 
vertically. Fully automatic line routing & re-routing. 

> Fast: Written in assembly language for speed. 

> Large: Charts up to 417 columns wide by 225 lines high. Chart too large for your 
printer? EasyFLow automatically breaks the chart up & prints it in page size pieces. 

> Standard: All standard flowcharting shapes included. Custom shapes can be ordered. 

> User friendly: Don’t take our word for it. PC Magazine* says ‘‘EASYFLOWw lives 
up to its name. It’s hard to imagine any easier and more flexible way to produce 
basic and even complex flowcharts”’ 

> Mouse: Optional but fully supported. 

> It prints: On most popular matrix printers including IBM, Epson, Toshiba, HP 
LaserJet, LaserJet-Plus and many others. 

> It plots: On HP7440, 7475, 7550, 7570, 7585B and compatible plotters. 

> It works: We are contractually prevented from mentioning the name of the “‘big 
eight’ accounting firm that purchased a world-wide site license, but we can tell 
you that they spent months evaluating all available flowcharting packages before 
choosing EASYFLow. 

> Rush delivery: Order by noon today (eastern time) and we'll have it to you by 
courier tomorrow**. Rush delivery charge is $15.00 (instead of $2.00) and is 
available only in USA & Canada. 

> Documented: 100 page manual plus over 150 screens of context sensitive help. 


EasyFLow works on IBM PC’s, IBM PS/2 and compatibles. Requires 384 K memory, 
DOS 2.0 or higher and an IBM CGA/EGA/VGA or Hercules monochrome compatible 
adapter card. 

Order direct for only $149.95 + $2.00 S&H (USA/Canada), $10.00 (foreign). Payment 


by M.0., cheque, VISA, Mastercard or Company PO. 

* March 10, 1987 issue, page 278. 

** Rush orders are shipped by Purolator Courier and normally arrive the next business day to most locations. 
Remote destinations take longer. 


Mailroom *°s Central files: 
sends to complete 
central files "Lost Order" 

by 9am form 


In addition to logging 
the complaint, the search 
unit copies the complaint 
for managers as well- 


Log Complaint 


J 
The chart fragment above was produced on an HP LaserJet-Plus and is actual size and 
unretouched. Publication quality charts like this can be produced using only minutes of preparation 
time and seconds of print time. 


HavenTree Software Limited Order Desk: 1-800-267-0668 
PO. Box 1093-K Information: (613) 544-6035 ext 46 
Thousand Island Park, NY 13692 Telefax(G3): (613) 544-9632 
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Prototype data base definitions 


. USE CRRR INDEX CRRR ALIAS CARRIER 
« DISPLAY STRUCTURE 
Structure for data base: C:CRRR.dbf 


Number of data records: 4 
Date of last update : 92/05/87 
Field Field Name Type - Width Dec 
1 NUMB Character 4a 
2 NAME CMPN Character 30 
3 NAME AGNT Character 36 
4 ADDR STRT Character 30 
5 ADDR_CITY Character 14 
6 ADDR ST Character 2 
7 ADDR ZIP Character 1g 
8 ADDR PHON Character 14 
** Total ** 135 


. NOTE THAT IT IS INDEXED ON THE NUMB FIELD BY INFO MODELING CONVENTION 


. LIST OFF ALL NUMB, NAME CMPN, ADDR PHON 
FLYT Flying Tigers fee (912) 439-1234 
RDLW Roger's Moving Service (800) 444-2000 
RPIE Ryder/PIE Trucking, Inc (912) 431-9331 


.» USE SHIP INDEX SHIP ALIAS SHIPMENT 
« DISPLAY STRU 
Structure for data base: C:SHIP.dbf 


Number of data records: 5 
Date of last update =: 92/86/37 
Field Field Name Type Width Dec 
1 NUMB Character 16 
2 DESC Character 4G 
3 QNTY WGHT Numeric 6 
4 DATE EXPT Date 8 
5 INDC REPS Logical 1 
6 AMNT Numeric 8 2 
AX VOtad=** 74 


- LIST OFF ALL NUMB, DESC, ONTY WGHT, DATE EXPT 
1234567898 Spare Parts for.Cadillac Cimmaron 
2714395839 Cadillac Cimmaron, Green w/Vista Vent 


234 93/11/87 
3300 94/27/87 


+ USE IsDeliv ALIAS DELIVERIES 


- DISP STRU 
Structure for data base: C:IsDeliv.dbf 
Number of data records: 4 
Date of last update : 92/06/87 
Field Field Name Type Width Dec 
1 CRRR_NUMB Character 4 
2 SHIP NUMB Character 18 
3 DLVRDATE Date 8 
4 DLVR DESC Character 60 
** Total **— 83 
+ LIST OFF 
RDLW 2714395839 92/05/87 Fell off truck during unloading 
Listing 1. 
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en, 
Ry, 


DBMS, such as Ashton-Tate’s dBASE or 
WordTech System’s dBXL, can facilitate 
DBMS prototyping. 

I mentioned earlier that the data 
specification identifies the data that must 
be stored. In an airtight requirements 
specification using the Yourdon tech- 
nique, each data store on a data flow 
diagram is an entity in the information 
model. Each Find or Create within the 
minispecifications uses the entities.and 
relationships with the information model. 
Each instance of the entity and data 
stores or each record of the data base file 
must be created, accessed, and deleted at 
some time. Each relationship must also 
be established and deleted at some time. 


Prototyping relational tables 

To prototype, we can implement each en- 
tity in its own data base file that con- 
tains the data elements specified in its 
description. We can implement each re- 
lationship in a file by making a table 
containing the keys to the appropriate 
entities and the data elements of any as- 
sociative objects. 

Since an associative object doesn’t 
stand alone and only clarifies the rela- 
tionship, its data is embedded in the rela- 
tional table. In our example, the Js 
Delivered relational table would contain 
the fields: 


Is Delivered = CRRR.NUMB 
+ SHIP.NUMB 
+ DLVR.DATE *Date 
delivered* 
+ DLVR.DESC *Condition 
and inspection remarks* 


To create a carrier record we need a 
prototype data base. dBASE provides a 
CREATE command to set up the data 
bases. The current physical model con- 
tains forms that are filled in with carrier 
information; we can measure the fields to 
determine (at 10 characters per inch) 
how many characters or digits the field 
should contain. Alternatively, we can ex- 
amine actual current tables from the cus- 
tomer’s references to determine data 
types and widths. 

Listing 1 shows the structure of the 
data bases shown in Figure 1. Our carri- 
er entity has been translated into a pro- 


totype data base. A standard carrier 
alpha code (SCAC) is used to identify 
each carrier; it is a unique identifying 
NUMBer, also called a unique descriptor 
or key value. 

After the data base is created, it is in- 
dexed on the NUMB field. dBASE al- 
lows the programmer to refer to the data 
base by a logical name, which is an alias 
of the physical data base file name. So 
the first command, USE CRRR INDEX 
CRRR ALIAS CARRIER opens the 
data base file CRRR.DBF and the index 
file CRRR.NDX and allows the pro- 
grammer to refer to this data base as 
Carrier. The next commands show the 
structure and selected contents of the 
data base. The same is done for the 
Shipment entity. The last data base, the 
relational table Is Delivered, records de- 
liveries. It contains the keys to the two 
related data bases, Carrier and Ship- 
ment, and the associative object Deliv- 
ery, which is composed of a date and 
description. 


Data entry 
Listing 2 is an example of an update pro- 
gram for the Carrier entity. To begin 
with, the screen is CLEARed. The Carri- 
er data base and the deliveries relation- 
ship are USEd. More is a flag that is set 
false when we want to quit this module. 
The @ <coord> SAY commands give 
the expression at the given coordinates 
on the screen. DATE() and TIME/() are 
the system date and time. SubBox is a 
procedure that draws graphic lines .or 
boxes on the screen between the two co- 
ordinates given as parameters. The Car- 
rier data base is SELECTed and the 
number of records are COUNTed. If 
there are any, selected fields are LJSTed 
off. The GET clause specifies the vari- 
able to read into, and the PICTURE 
clause specifies the format of the input 
(@/ means all caps, AXXX means the 
first character must be a letter, and the 
next three may be a letter or a digit; 
length is restricted to four characters). 
After a nonblank NUMBer is READ, 
we try to FIND it in the data base as a 
key. If we hit the end of the file (EOF/)), 
we may add a new record. dBASE allows 


Prototype entity/data base file maintenance 


HKKKAKE AKA KEKE KEKE AK IKE RHA KERIKERI KEINE IRIE IK IIIA IIA IIIB ERIE 
* File: EstCrrr — ESTablish CaRRieRs 


* Version 1.9 by Roger D. Wickes on 92/92/1987 


* Prototype for required process 1.1.3.4: Establish Carriers 
KREKEKEREEKEEREEREE EERE EER ERE EE ERE ERE KEE EEE REEKEEKEKER EEE RE KEREERE ER 


* 


clear 

select 1 

use Crrr index Crrr alias Carrier 
select 3 

use IsDeliv alias Deliveries 


more=.T. 
do while more 


clear 

@ 9,8 say "Establish Carriers (DRAFT)" 
@ 8,68 say date() 

@ @,7% say time() 

do SubBox with 1,8, 1,79 


select Carrier 

count to mCount 

if mCount = 6 
@ 3,1 say "No carriers on file." 
ie, 

else 


@ 3,1 say “Carriers that serve our location are:" 


@ 5,1 say "SCAC Company Name 
"Local Agent 
@ 6,1 say "== 


“he 


Phone Number" 


"he 


u 


list off all Numb, Name Cmpn, substr(Name Agnt,1,27), Addr _Phon 
*prototype assumes only a few records will be entered; 


iS not enuf to scroll screen 
? 


? “To Edit or Delete a carrier's record, enter their "+; 


"Standard Carrier Alpha Code." 
endif 


? "To Add a new carrier to your list, enter a new SCAC." 


? 
muni = SPAGE(4) 


@ row(),9 say “Enter a current/new SCAC or just press Enter to exit" ; 


get mNumb picture "@! AXxXx" 

read : 
if mNumb = SPACE(4) 

more = .F. 
else 

find sSmNumb 

mResp = .F. 

if eof() 


@ row(),@ say "Carrier is not currently on file. 


get mResp 


read 
if mResp 
append blank 
replace Numb with mNumb 
set format to Crrr 
edit 
close format 
*else forget it; entered a bad SCAC 
endif 


Listing 2. (Continued on following page.) 


ADD them? (¥/N)" ; 
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else edit or delete 
@ row(),@ say “Do you want to DELETE this Carrier's record? (¥/N)" ; 
get mResp 


read 
if mResp 
delete 
select deliveries : 
delete all for CRRR NUMB = Carrier -—> Numb 
else = 4 
set format to Crrr 
edit 
close format 
endif 
endif 
endif 
enddo 
KEKKEKKEREKKEKIEKE EK EERE EK EREKKER ER REE EEE KER EREREKEREEKEREEKREREREERERERE 
* if user deleted any records, reclaim disk space 
locate for deleted() 
if .not. eof() 
* could list deleted records and verify, but not in prototype 
pack 
endif ; 
RRKKKKEKRERERERER ERE RRKKRERKERER ER ERE ERE ER RERE RE RE REEERKE EE REEREREREERE 
close data bases 
return 


Listing 2. (Continued from preceding page.) 


Prototype data entry screen for entity: carrier 
HEKKKEKKEKKKKKEKEKIKKEKKKEKEKEKKEERIEKKEKKE KEKE KKK EKKEKEKEEKEERERERERREEREEKEEEEER 
* File: Crrr.fmt - data entry screen for Carrier file 

* Version 1.9 Roger D. Wickes on 92/82/1987 


RRKKKEKEREKER ERK REK KE EKKRER EK EKKEREE KEE ERKEKEK ERE EKER ER EE ERK EEK ERKEREREEREREREEKE 


@ @0,00 say "Database Update: Carrier (DRAFT)" 
@ QY,60 say date() 

@ 00,76 say time() 

@ 91,00 say bar Re 


@ 03,10 say "Standard Carrier Alpha Code (SCAC): "+NUMB ie 
@ 95,10 say “Carrier Company is" get NAME CMPN 

@ 97,10 say “Local Agent's Name" get NAME AGNT 

@ 08,10 say " Street Address" get ADDR STRT 

 @ 09,18 say " City" get ADDR CITY 

@ @9,col() say " State" get ADDR ST picture "@! AA" 

@ 89,col() say " Zip Code" get ADDR_ZIP picture "99999-9999" 

@ 11,18 say “Local Phone Number” get ADDR PHON picture "(999) 999-9999" 


ie 26,08 say “Enter data about the Carrier. Use your full-screen editing keys." 
 @ 21,08 say “Press “Write to make changes, or “Quit to keep the data as it was." 


Listing 3. 
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us to SET the FORMAT of a data entry 
screen; the commands to draw the screen 
are stored in a separate file, in this case 
CRRR.FMT. If the user wants to add a 
record, we APPEND a BLANK record 
and set the key, then allow the user to fill 
in the rest of the information in a full- 
screen EDIT using that format file. If we 
found the record, we see if the user 
wants to delete it. If so, we DELETE it. 
Since the carrier is no longer on file, we 
also delete all records of any deliveries 
they may have made. 

CRRR_NUMB is the name of the 
field in the currently selected deliveries 
data base; CARRIER -> NUMB refers 
to the key field (VUMB) of the carrier 
data base (currently selected in area 1). 
If the user doesn’t want to delete the rec- 
ord, we assume they just want to edit it. 
When the user has just pressed return to 
our SCAC prompt, MORE is set false 
and we exit at the ENDDO. To wrap it 


up, we try to LOCATE any DELETED ~~ s 


records and PACK the data base. 

In dBASE, when a record is deleted, a 
flag is set on the record and the data is 
not destroyed until a PACK operation is 
executed. This allows us to change our 
minds and RECALL the DELETED te- 
cords, like an unerase command. (In our 
initial prototype, we don’t get fancy with 
all sorts of options; if the user says to de- 
lete the records, they will be deleted. 

After we CLOSE all the DATA 
BASES, we return to the calling pro- 
gram. Using the powerful commands in 
dBASE, we have a complete prototype 
data entry program (add,. delete, edit) in 
under 100 source lines of code. 

Listing 3 is part of the format file. It 
contains more @..SAY commands that 
GET field values directly into the file. 
Full-screen editing and conversion from 
date and numeric data types are auto- 
matically performed with optional 
back-out. 

After we code a similar program for 
the shipment entity, we need a program 
to link the two entities when a delivery is 
made. Receive shipment (Listing 4) es- 
tablishes currency to the shipment and 


VERSION 
MANAGER 


Now SVM supports local area 


Prototype process: receive shipment 

HRKKK KKK KKK KR KEKE RERE EKER EKER EKER EERE KEKEREERR ER EKER EERE EKEERERERERER 
* File: Receive —- Receive Shipments from Carriers 

* Version 1.8 by Roger D. Wickes on 02/82/1987 


* Prototype of required process 1.3.1.1, Receive Shipment 
KIK HK KKA KK RIK IRE KER ERIE REE KERRE REE KEE ARERR EERE EER EER EKER ERERERERE 


* 


select 1 

use Crrr index Crrr alias Carrier 
select 2 

use Ship index Ship alias Shipment 
select 3 

use IsDeliv alias Delivery 

* 


KHRKKKIRKK KKK EKER ERK KER ERE RRR EKER KERR EKER ERE REE ERE ERERRERERERERERE 


* Set currency to Shipment being received 
clear 
@U,2 say “Receive Shipment (DRAFT): Identify Received Shipment" 
@ 0,60 say date() 
@ 0,70 say time() 
do SubBox with 1,3, 1,79 .« 
select Shipment iS 
count to mCount 
if mCount = g 
@ 3,1 say "No shipments are currently anticipated." 
? "Add the shipment through the Daily Processing menu.” 
walt 
Close databases 
return 
endif : 


@ 3,1 say "Current Shipments anticipated:" 

@ 5,1 say “GBL/CBL # Expected Description itor 
"Weight $ Value" 

6, ] sexy St} 


list off all Numb, Date Expt, Desc, Qnty Wght, Amnt 
*prototype assumes only a few records will be entered; 


‘d not enuf to scroll screen 

f2 

? "To abort this receiving process, just press the Enter key." 

2 Ba 

mNumb = SPACE(10) as 
@ row(),@ say "Which Shipment just arrived?" ; SS 


get mNumb picture "@! XXXXXXXXXX" 
read 
if mNumb = SPACE(16) 
Close databases 
-return 
else got a key(?) 
find &mNumb 
mResp = «Ff. 
if eof() 
? “Shipment is not currently anticipated. 
* Production code would allow user to add it now. 
? "Add it through the Daily Processing menu.” 
wait 
close databases 
return 
endif 
endif 


FARKKKEKREREREERKERE KEE EEEREEEER EER EER ER EER ER ERE REERER REREEREREERRERKEERERE 
* Set currency to Carrier that delivered the Shipment being received 


Clear 


@ 08,28 say “Receive Shipment (DRAFT): Identify Delivering Carrier” 
@ 98,68 say date() 


networks and tracks source 

revisions made by multiple 

users in both single-site and 
multi-site configurations. 


Plus... 


e Archive Database Tracks Source 
(and Binary) File Revisions 
Audit Trail Reporting Provides 
Info on Project’s Development 
Revision Branches Allow Mul- 
tiple Courses of Development 
Revision Merging and Deleting 
Provide Flexibility in Archive 
Maintenance 
User IDs, Privilege Settings & 
Passwords Help Resolve Access 
Conflicts and Maintain Project 
Integrity 
Optional Text Compression 
Reduces Storage Requirements 
Menu Driven Shell Makes SVM 
Easy to Use 


Single-Site: $299.95" 
5-site LAN: $1000 (extendible) 


UTILITY 


New program, called SMKgen, 


automatically constructs a 
dependency file by analyzing 
the files in a project. 


Plus... 


e Structured Language Used to 
Define Dependencies 


Rich Command Set with Over 
20 Different Statements 


Ability to Handle Nested Include 
Files and Library Dependencies 


Performance & Functionality not 
Found in UNIX Make or Clones 


SMK Only: $99.95" 
SMK gen: Add $50.00 


CALL TODAY 
1-313-662-8086 


Visa/MC/COD Accepted * 
Dealer Inquiries Invited 
*Plus postage and Handling 


@ 00,70 say time() 


SEIDL COMPUTER ENGINEERING 
do SubBox with 1,8, 1,79 ee 


3106 Hilltop Dr., Ann Arbor, MI 48103 


Listing 4. (Continued on following page) 
CIRCLE 28 ON READER SERVICE CARD 
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Select Delivery 
locate for Ship Numb = Shipment —> Numb 
Lf .not. eof() 


@ @2,00 say “Shipment already recorded as delivered on “+DTOC(Dlvr Date) 


? "By " : 
set relation to Crrr Numb into Carrier A 
2? trim(Carrier —> Name Cmpn) 
22 "> Local Agent: " 
?? Carrier -> Name Agnt 
set relation to 

endif 


select Carrier 
count to mCount 
if mCount = @ 
@ 05,00 say "No carriers on file." 


? "Add info about the delivering carrier thru the Database Maintenance menu.” 


wait 
close data bases 
return 

endif 


@ 65,00 say "Carriers that serve our location are:" 


@ 07,01 say "SCAC Campany Name ae 
"Local Agent Phone Number" 
@ 08,01 say °=== us. 


list off all Numb, Name _Gmpn, substr(Name Agnt,1,27), Addr _Phon 
*prototype assumes only a few records will be displayed; 
« not enuf to scroll screen 
‘2 
? "To abort this receiving process, just press the Enter key.” 
ie} 
mNumb = SPACE(4) 
@ row(),@ say “Which Carrier delivered the shipment?” ; 
get mNumb picture "@! AAAA” 
read 
if mNumb = SPACE(4) 
close data bases 
return 
else got a key(?) 
find &mNumb 
if eof() = 
? "Carrier is not listed as serving our destination." __ 
? “add them through the Database Maintenance menu." =~ 
wait 
Close data bases 
return 
endif 
endif 
KKK IK KKK KK KEK KKK EKER ERK EE EEK ERK ERE EEE EERE REE ER EEE EER EE EREREREEEE 
* We are now committed to recording a delivery. Get delivery data 
select Delivery : 
locate for Ship Numb = Shipment —> Numb 
if eof() 
append blank 


replace Ship Numb with Shipment -> Numb, Crrr_ Numb with Carrier —> Numb, ; 


Divr Date with DATE() 
else we are modifying a delivery record; maybe different carrier 
replace Crrr Numb with Carrier -> Numb 
endif 
set format to IsDeliv 
edit 
close, format 
HAA HK KKK KEK KICK EKER KE RKEEKE EEE EEE EK ERE KE REEEE ERE KER EREKEEEREEREERE 
close data bases 
return 


Listing 4. (Continued from preceding page) 
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the carrier and enters delivery param- 
eters through the format file in Listing 5. 

The SET RELATION command sets 
up a key field linkage between files. Us- 
ing the specified field value in the cur- 
rently selected data base, the INTO file 
is automatically positioned to the record 
with a key identical to the specified field. 
So if the Deliveries data base 
CRRR_NUMB field contains ABCD, 
the carrier file would be automatically 
positioned to the ABCD carrier record. 
Note then that the current 
CRRR_NUMB and the current CAR- 
RIER -> NUMB always have the same 
value. 


Final product 

After you have written a data entry pro- 
gram for each entity and relationship 
(using the same basic framework), just 
add some menu drivers and you have 
your prototype. A complete prototype for 
Figure 1 is available through the COM- 
PUTER LANGUAGE Bulletin Board 
Service and CompuServe forum; the 
data bases are preloaded with some sam- 
ple data. The programs run under 
dBASE III PLUS or compatible (such 
as dBXL). 

The whole point of a prototype is to 
demonstrate how the system might func- 
tion after just a few hours of work. We 
can expand the prototype to include oth- 
er entities and relationships (such as 
those shown in Figure 2) until all ERDs 
are prototyped. Since each ERD takes 
about the same amount of time to proto- 
type, it is relatively easy to project when 
a major portion of the system will be 
available. 

For simpler systems, the prototype 
(and some additional work on documen- 
tation, error-trapping, colors, and re- 
ports) may serve as the final product. 
Since the information model strictly cites 
the minimum data needed, we can find 
out if the user wants any additional data, 
or change the look and feel of the proto- 
type to meet the user’s desires. 

In our carrier example, a local point of 
contact or the date the carrier was first 
used may be added. We can then revise 


the information model data element defi- 
nitions, our data base, and our data entry 
screen and move on to other entities and 
relationships. 

We have seen how we can go from 
knowing the information requirements to 
a working prototype of the data base us- 
ing information modeling and dBASE. 
For small microcomputer-based applica- 
tions, the prototype may serve as the 
springboard for the final product. For 
larger systems, we can use the prototype 
to begin true data base design; we com- 
bine files, embed the relational tables in 
the data base files according to the car- 
dinality, and fine-tune the DBMS perfor- 
mance. The prototype can either be 
thrown away or updated in parallel with 
these design activities. 

In a large mainframe environment, 
data processing programs are designed in 
a nonspecific way until the production 
data base design is established and a 
critical design review is held. 

After the design review, the data base 
design and general system design are fro- 
zen; data processing pseudocode and pro- 
gram code, as well as production-quality 
data base entry, update, and deletion 
routines can be written. Our job as soft- 


ware engineers is to translate the user re- 
quirements into a working product; in 
this case, we have taken the data require- 
ments and generated a prototype. | | 
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Prototype data entry screen for relational table: is delivered 
HERRICK KAA K KAA IIRL ERK ERK KAKI EAR IAHR IK IRE IK EER EK AREER EE EEE ERE REERER 


* File: IsDelivered.fmt - data entry screen for Receiving —— 


* Version 1.0 


Roger D. Wickes on 92/02/1987 = 


KRIRKRK KIRK EK EKK EERE EERIE KE ER EKER EEK EERREREEK ERE RE EERE EK EREREREREEKRERERERER 


@ 08,80 say “Receive Shipment (DRAFT)" 
@ 06,60 say date() 
@ 00,70 say time() 
@ 1,00 say bar 
@ 03,10 say "Shipment Number: “ 
 @ row(),col() say Shipment -> Numb 
© @ 84,10 say " Description: " 
@ row(),col() say Shipment -> Desc 


2 @ 26,18 say "Delivered By: ” 


: @ row), a say Carrier -> Name Cmpn 


( 29,10 say "Expected on ” 


say | “Comments” get Divr Desc 


Listing 5. 


row(),col() say Shipment -> Date Expt 
v(),col() say " Actually delivered on " get Divr Date 


say "Enter data about the Delivery. Use your full-screen editing keys." 
ess “Write to make changes, or “Quit to keep the data as it was." 


‘MetaWINDOW 


‘Power Graphics 
for your PC! 


“Product of the Month' 
"... a technological tour de 
force for fast PC graphics." 


NO ROYALTIES! 


MetaWINDOW is an advanced, high 
performance graphics development 
toolkit which bridges the gap between 
low-level graphic primitive libraries and 
pre-packaged window managers. 


MetaWINDOW provides an expand- 


ed set of graphic drawing functions, 
plus the added functionality and 
performance required for designing 
multi-window desktop applications. 


¢ auto-cursor tracking 
¢ pull-down menus 
* pop-up windows 


¢ comprehensive 
graphic functions 


10 Point 12 Point 


¢ multiple fonts 


Display multiple bitmap or 
"filled-outline" fonts. 
Face fonts for bold, italic, under- 
line or strike-out stylings. 
Full "RasterOp" transfer 
functions for writing, erasing, 
rubberbanding or dragging: 
lines, text, icons, bit images 
and complex objects. 
Create pop-up menus, 
windows and icons. 

¢ Supports IBM's new PS/2 VGA 
and MCGA graphics. 


MetaWiINDOW comes complete with 


_ langauge bindings for 16 popular C, 


Pascal and Fortran compilers, plus 
dynamic runtime suppor for over 40 
graphics adaptors and input devices. 


MetaWiINDOW 
Advanced Graphics Tootkit : 
4 disks, 3 260 page manuals - $195" 


Alf ie features of Mela WINDOW for 
Borland Turbo C! —- go5° 
* Plus $5.00 shipping and handling : 
TO ORDER CALL 1 800-332-1550 
For information or in CA call 408-438-1550 


WETAGRAPHICS 
SOFTWARE CORPORATION 
269 Mount Hermon Road 
Scots Valley, CA 95066 


CIRCLE 29 ON READER SERVICE CARD 


THE ADA WORLD 
HAS CHANGED. 


Next Generation Ada Technology 


Third generation Ada is here today with Meridian 
AdaVantage, and it’s validated by the Department 
of Defense and their suite of 2,700 tests. Ada’s first 
generation was the proving ground technology of 
the early eighties. Then came the large validated 
compilers of the mid-eighties, which were often 
inefficient and machine specific. Now Meridian 
offers a compact efficient Ada technology that is 
highly portable from PC’s to minis to mainframes. 


COMPACT MERIDIAN Ada IMPLEMENTATION 


350,000 


Lines of 
Source 
Code 


40,000 


Meridian Other Ada Compilers . 


The chart above depicts the dramatic difference 
between Meridian’s implementation and other 
comercially available Ada implementations. 
Meridian’s order of magnitude smaller code size 
results in an extremely fast compiler that will 
produce highly optimized code. 


Meridian’s Track Record 


Since 1981, we’ve been building compilers the old- 
fashioned way, through hard work and experience 
gained from our development of successful 
portable compiler products. These products are 
installed at over 1,500 sites, including almost all 
major DoD contractors as well as commercial 
software developers. 


THIS PRODUCT CONFORMS 
TO ANSI/MIL-STD-1815A AS 
EAJPO 


TESTING PROCEDURES 


CIRCLE 30 ON READER SERVICE CARD 


Price/Performance Breakthrough 


The Meridian AdaVantage v2.0 validated Ada 
compiler costs $795 and provides a production 
quality Ada development tool. 


SIEVE BENCHMARK 
i 8 ST Meridien ds Sais aie 


NOTE: All times measured on an |1BM at 5170 (8MHz) and a 4MB RAM card 
required by the Alsys system. When running without the RAM card, the 
Meridian compile and link time is 46 seconds. 


The Meridian AdaStarter incorporates all of the 
features of AdaVantage, with certain size 
limitations. AdaStarter is perfect for anyone who 
wants to learn how to program in Ada. The 
complete $99 cost is applicable toward the 
purchase price of the AdaVantage production 
compiler. 


The compilers all run in a standard PC 
configuration with 640K of memory, a hard disk, 
and DOS v2.1 or higher. 


To order today, or get more information, call 
1-800-221-2522 (outside California) and 
1-714-380-9800 (inside California). 


“The Meridian compiler is a very well-thought-out 
compiler. The compiler is fast and execution speed 
is more than adequate... Overall, we’d rate the 


Meridian compiler as very solid.” 
— COMPUTER LANGUAGE, DECEMBER 1986 


“The more affordable AdaVantage v1.0 is good for 
the average programmer because of its price, the 
extent of its implementation, and its relaxed 
hardware requirements... [AdaVantage v2.0] should 
be competitive with Alsys Ada, since it will be a full 


Ada at less than a third of the price of Alsys.” 
BYTE, JULY 1987 


ae PW aA 
Se ea Se ee 


23141 Verdugo Drive, Suite 105, Laguna Hills, CA 92653 
800/221-252 (outside CA) 714/380-9800 (inside CA) 
Telex: 650-268-0547 MCI Fax: 714/380-1683 


ecently, I was 

surprised to see 

a klunky, clum- 

sy user inter-. 
face in a commercial, vertical-market 
program. To enter data, you had to go 
down a list of items, but you could not 
use the arrow keys to go back up. At the 
bottom it asked you which item you 
wanted to change. It validated the data 
only after it had all been entered; if, for 
instance, you had entered an alphabetic 
character in a field supposed to be all 
numeric, you were told only after you 
were well past the field. 

If more than one thing was wrong, you 
had to fix the first problem, try to save 
the data, and then try to fix the next 
problem. Filling in a simple form_on the 
screen was a tedious process. 

_ There is no excuse any more for this 
kind of programming. Tools that allow 
true forms-oriented data entry are avail- 
able. These tools allow the user to go 
back and forth between items on the 
screen at will, are not restricted to a sin- 
gle sequence, and allow data validation 
on the spot. If the information the user 
enters is invalid, the program should say 
so and let the user correct it then and 
there. 

There are plenty of commercially 
available tools to accomplish this; a num- 
ber of them were reviewed in “Tools of 
the trade,” COMPUTER LANGUAGE 
June 1987, pp. 109-150. But all of them 
suffer from a certain inflexibility; some 
special case always requires hand coding. 


By William Meacham 


This article is written for those who 
would rather roll their own; it describes a 
complete set of data-entry and screen- 
handling procedures for elegant, bullet- 
proofed console I/O. Using the tools 
discussed here, you can allow the user to 
move to any data field on a screen and 
enter or correct data at will, as well as 
move easily between screens. You can 
also prevent bad data. You control the 
length of strings entered, the number of 
decimal places in real numbers, etc., as 
well as where data entry takes place on 
the screen. 

The tools I’ll describe are: 
uw Complete—they allow easy, reliable 
entry of characters, strings, integers, real 
numbers, and Booleans. 

w Integrated—all the procedures work in 
concert to achieve a consistent user 
interface. eas 

@ Simple—they provide an easy method 
of controlling cursor movement from 
field to field as well as screen to screen. 

These tools are designed for text 
(character) mode; it has been my experi- 
ence that ease of use does not require the 
graphics-based interface of the Macin- 
tosh. They work equally well on a 16-bit 
MS/PC-DOS and an 8-bit CP/M 
machine. 

The Turbo Pascal source code for 
these tools, including a demonstration 
program, is available from the COM-. 
PUTER LANGUAGE Bulletin Board 
Service and CompuServe forum. Look 
for the file TPIO22.ARC. You will need 
an archive extraction program such as 
ARC or ARCE v. 5.0 or later, to extract 
the files. It is also available directly on 
diskette from me for $6: Bill Meacham, 
1004 Elm St., Austin, Texas 78703. 


Specify MS/PC-DOS (360K disk) or 
Kaypro CP/M (single-sided disk). 

In the rest of this article, I will de- 
scribe the fundamental principles of the 
tools, give an overview of the demonstra- 
tion program to show how the tools look 
to the user, and explain the inner work- 
ings of the tools. 


Controlling data entry 

To make it easy to enter data, a program 
should provide a complete cycle for each 
data entry field: 

1. The program prompts the user for 
what data to enter. 

2. The user enters the data. 

3. The program validates the data. 

4. If the data is invalid, the program 
indicates that something is wrong and 
lets the user correct the entry. 

The user should be able to go back 
and forth between data entry fields at 
will and not be restricted to a single se- 
quence. Also, the arrangement of fields 
on the screen should be attractive and 
easy to follow. To accomplish this you 
must be able to do four things: 

1. Put the cursor where you want it on 
the screen. 

2. Get input from the keyboard with- 
out echoing it back, which lets you exam- 
ine the input one character at a time and 
reject it if it is not valid or accept and 
display it if it is. 

3. Convert strings to integers and real 
numbers, since all input is in the form of 
strings. 
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4. Convert integers and real numbers 
to strings so you can redisplay data pre- 
viously entered and allow the user to 
change it. 

The procedures presented here are in 
Turbo Pascal. Most microcomputer Pas- 
cal and C compilers have analogous 
string-handling abilities. The Turbo pro- 
cedures are: 

1. GOTOXY (x,y) positions the cursor 
on the screen at the specified x coordi- 
nate (horizontal column) and y coordi- 
nate (vertical row). Upper left is (1,1), 
not (0,0). 

2. READ (KBD,CH) where KBD is a 
predefined file type for keyboard input 


that is not echoed back to the screen and 


CH is a CHAR variable. 

3. STR (SPEC,ST) where SPEC is a 
standard Pascal specification for writing 
an integer or real number and ST is a 
string variable. This procedure converts 
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1 Display instructions 
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ESC Exit the program 
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Figure 2. 
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an integer or real to a string. For 
example: 


PROGRAM CONVERT ; 
VAR 
|; INTEGER ; 
R: REAL ; 
S : STRINGI6] ; 


BEGIN 
L:= 28 q 
R:= 23.56; 
STR (I:6,S) ; 
WRITELN (‘*’,S,'*’) ; 
STR (R:6:2,S) ; 
WRITELN ('*’,S,‘*’) 
END. 


produces the following: 


* Zo" 
* 23.90" 


4. VAL(ST,N,C), where ST is a string, 
N is an integer or real, and C is an inte- 
ger. ST is the string representation of an 
integer or real; N is the integer or real it 
is converted to. C tells whether the con- 
version was successful. 

With suitable edits for valid input, 
these four procedures allow us to get user 


input anywhere on the screen and make 
sure it is a valid string, integer, or real. 
At the same time, they protect what is 
displayed on the rest of the screen from 
being overwritten. Combined with a reli- 
able mechanism for moving from field to 
field and screen to screen, the procedures 
form the basis for a complete set of soft- 
ware tools for elegant console I/O. 


Using the routines 

The demonstration program merely ac- 
cepts data entered from the screen; a real 
application program would do some use- 
ful work with it. 

The program starts by presenting a ti- 
tle screen (Figure 1). Pressing the space 
bar displays the main menu (Figure 2). 
The first menu option lists cursor control 
keys (Figure 3). The second menu option 
displays a series of four data entry 
screens, one for strings, one for integers, 
one for real numbers, and one for 
Booleans. 

Figure 4 shows the screen for strings. 
The cursor starts at the first field for 
string entry. The length of the field is 
shown by a line of periods. You cannot 
type characters beyond the end of the 
line nor backspace past the beginning. 
The left and right arrows move freely 


COMMAND aes Labelled Arrow Ctrl Function 
aS key key key key (IBM) 
* DELETE character at cursor Del G Fl 
* DELETE character to left Backspace 
* DELETE entire entry ay: F2 
* MOVE LEFT one character left S F5 
* MOVE RIGHT one character right D Fo 
* MOVE FORWARD to next field Enter down x F4 
* MOVE BACK to previous field up E F3 
* PAGE FORWARD to next screen PgDn Cc ixs} 
* PAGE BACK to previous screen PgUp R F7 
* CANCEL data entry Esc 


* TO ENTER DATA: 


Type the data & press Enter or a field or page key. 


* TO ENTER YES/NO: Type "Y" or "N;" don't press Enter. 4 


PRESS SPACE BAR TO CONTINUE 


Figure 3. 


through what you have typed. Entry is 
always in insert mode; to change a char- 
acter you delete and retype it. 

You can go from line to line with the 
Enter key and the arrow keys. The Page 
Up and Page Down keys move between 
screens, as do the WordStar-like Control- 
R and Control-C keys. 

The I/O routines reject invalid char- 
acters. All printable characters are al- 
lowed for string input, but control 
characters (other than Escape and the 
arrow keys) are not. Integer input allows 
only numeric characters and a minus 
sign in the first position; real number in- 
put allows a minus sign, only one deci- 
mal point and numeric. characters; and 
Boolean input allows only upper- or 
lowercase y or n. 


Screen and field control 
Smooth and accurate flow from field to 
field and screen to screen is achieved by 
using: 
m Two global integers, FLD and SCRN, 
declared near the beginning of the In- 
clude file 1022.INC 
w A CASE construct within a REPEAT 
.. UNTIL loop 
@ Code within the procedures called 
from the loop to set the value of FLD 
and SCRN, depending on user input. 
Let’s dive into this from the top down, 
starting at the outermost level of control. 
The main data entry loop shows how it 
_works (Listing 1). 
Each procedure called within the 
REPEAT .. UNTIL loop displays a 


PUPS tana tobias stesso. 
Last name: Meacham 
Address 1: 1@@4 Elm Street 
Address 2: 
City: Austin 
State: TX 
Zip: 78763 

Figure 4. 


screen. SCRN is initialized outside the 
loop so that the first procedure called is 
the strings screen. The value of SCRN is 
then updated within each screen proce- 
dure so that the order in which the 
screens appear depends the user’s input. 
In a similar fashion, the value of FLD 
is set within each data entry procedure 


STRINGS. 


begin { —--- proc io demo -—-— } 
scm := 1; 
init io vars ; 
repeat 
case scrn of 
Tes strangs i 
2 : integers ; 
3 : reals ; 
4 : booleans ; 
5 : final screen 
end ; { case } 
if scrn < 1 then 
scm := 1 


else if scrn > 6 then 


scm :=5 { trap ESC } 


until scrn > 5; 


fld := 


{ reset FLD for calling proc } 


end ; { proc io demo } 


Listing 1. 


fld :=1; 


repeat 
case 


1:~réad str 


AB 
3: 
4: 
Ss 
G: 
7s 


end ; 


fld of 
(Cains a7 5918) os 


read str (last, 10, 21, 9) ; 
read str (addrl, 15, 21, 18) ; 
read str (addr2, 15, 21, 11) ; 
readistr (city, 15, 21, 12) ; 
read str (state, 2, 21, 13) ; 
begin 

repeat : 

read str (zip, 5, 21, 14) ; 

until ok ; 
end; { 7: } 

{ case } 


Until (fld=<- 1) Om (bids 7); 
do_scern ctl 


end ; { proc 


Listing 2. 


strings } 


called by the screen procedures. The pro- 
cedure for each screen shows exactly the 
same structure as in the main program 
loop but is controlled by the value of 
FLD instead of SCRN. Listing 2 shows 
the main loop of the procedure 


FLD is initialized outside the loop and 


{ no going backward from first screen } 


updated within the data entry procedure exiting each screen procedure. Now let’s position on the screen. First we display 


READ_STR, just as SCRN is initia- look at the data entry procedures them- the initial value of the string, write filler 
lized outside the main program loop and selves to see how FLD is updated within characters (in this case periods) to indi- 
updated within this screen procedure. them. cate the unused portion of the data entry 
SCRN is updated by calling procedure field, and position the cursor after the 
DO_SCRN_CTL immediately before Reading strings right-most character of the string. Dis- 
exiting (Listing 3). All the data entry procedures are vari- playing the initial value of the string en- 
DO_SCRN_CTL assigns a value to ations of READ_STR, which we'll ex- ables the user to pick up where he or she 
SCRN based on the current value of amine in some detail. Listing 4 shows the left off and make additions or deletions 
FLD, so the value of SCRN depends on main body of the procedure. to it. 
the value of FLD at the end of the proce- To start data entry, the string to read, If the initial string is null, the whole 
dure. To handle the flow from screen to ST, is passed as a variable parameter field is filled with periods. The REPEAT 
screen automatically, always call along with value parameters for the .. UNTIL loop then gets characters until 
DO_SCRN_CTL immediately before maximum length of the string and the a control character indicates that the 


user is done entering the string. 
We call the procedure KEYIN to read 
a character instead of directly calling 


prec eaute Gorscmmicel > f : READ (KBD,CH) because we must do 
{ Checks value of FLD and adjusts value of SCRN accordingly } some preprocessing of the character. 
Vile Listing 5 shows KEYIN for the IBM PC. 
fld, scrn : integer--For field and screen cursor control } Neferithe characterisweadtandican 
begin 


; verted to an integer value in procedure 
Hee st nen READ_STR, the CASE statement ex- 
amines it to determine whether it is valid 
and what to do with it. 


ser := pred(scrn) 
else if fld = maxint then 
scm := maxint 


eee If the character is printable, it is in- 
scr := succ(scrn) serted in the string and displayed on the 
end ; screen in the local procedure ADD- 
- ; —TO_STR (not pictured in the listing). 
Listing 3. If the character is not printable but is 


in the set of ADJUSTING control char- 
acters (backspace, delete, left and right 


si ai alee Rae arrows, and a character to delete the 
pont ee. a row) ; whole field), then we call procedure AD- 
write (build str(chr(filler),maxlen - length(st))) ; JUST_STR (not pictured in the listing) 
p := length(st) ; S to delete the character or the whole field 
repeat and update the screen display. 
gotoxy (col + p, row) ; If the character is in the set of TER- 
keyin (ch) ; a MINATING control characters, then we 
key := ord(ch) ; terminate entry of the string and update 
if key in [$20 .. $7E] then { printable character } the value of FLD by calling 
add to str DO_FLD_CTL (Listing 6). 
else if key in adjusting then Hitting the carriage return or the 
adjust_str (st,p,key,maxlen,col, row) next-field key indicates normal termina- 
else if key in terminating then tion, so FLD is increased by one and the 
do fld ctl (key) cursor is moved to the next input field on 
else the screen. Hitting the previous-field key 
: beep : decreases FLD by one, moving the cursor 
until key in terminating ; to the previous input field. The next-page 
gotoxy (col + length(st), row) ; sie and previous-page keys cause an immedi- 


write ('':maxlen - length(st) ) 


ate exit from both the data entry proce- 
end ; { proc read str } yp 


dure and the screen procedure that calls 
Listing 4. it; they set FLD to a value high or low 
enough to break out of the control loop 
for the screen and go to another screen 
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via DO_SCRN_CTL. Hitting the Es- 
cape key causes DO_SCRN_CTL to set 
SCRN to MAXINT, which enables you 
to leave a series of screens. 

If the character read is not a back- 
space, termination character, or printable 
character, we beep and throw it away. 
After entry is terminated for the string, 
we write spaces after it to erase any filler 
characters left. Then we tidy up the 
screen. 


Intentional side effect 

One of the principles of modular pro- 
gram design is to isolate program func- 
tions so each procedure does only one 
thing reliably and well. That is why the 
procedures for reading integers, reals, 
and Booleans are separate from 
READ_STR. However, READ_STR 
actually does two things, not one: it as- . 
signs a value to the global variable FLD 
as well as capturing string data. 

What we have here is an intentional 
side effect. I could have separated the 
functions by making CH, the character 
entered, a global variable and calling 
DO_FLD_CTL outside each data entry 
procedure. But this is unnecessary since 
each data entry procedure has the same 
effect on the global variable FLD, As 
soon as you see what happens to FLD in 
one of these procedures, you see what 
happens to it in all of them. This-makes 
for easier applications coding. 


Reading integers 


Procedure READ_INT is very much 
like READ_STR except that it has ad- 
ditiorial code to convert an integer to a 
string and back again. 

We first convert the initial value of the 
integer to a string, then display the string 
as usual. Before displaying the string we 
delete all spaces and leading zeroes so 
the first character in the string will be 
the first significant digit of the integer. 

The REPEAT .. UNTIL loop works 
the same as that in READ_STR except 
for some additional validity checking. In- 
stead of accepting printable characters, 
we accept only numeric digits and a mi- 
nus sigii, and the latter only if it is the 
first character entered. We also have an 
additional range check if the string rep- 
resentation of the integer is five charac- 
ters long. This check prevents the entry 


Listing 5. 


Listing 6. 
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COMBINE THE 
RAW POWER OF FORTH 
WITH THE CONVENIENCE 
OF CONVENTIONAL LANGUAGES 


HS 


FORTH 


Yes, Forth gives you total control of your 
computer, but only HS/FORTH gives you 
implemented functionality so you aren’t left 
hanging with “great possibilities” (and lots of 
work!) With over 1500 functions you are 
almost done before you start! 

WELCOME TO HS/FORTH, where megabyte 
programs compile at 10,000 lines per minute, 
and execute faster than ones built in 64k 
limited systems. Then use AUTOOPT to 
reach within a few percent of full assembler 
performance — not a native code compiler 
linking only simple code primitives, but a full 
recursive descent optimizer with almost all of 
HS/FORTH as a useable resource. Both 
optimizer and assembler can create inde- 
pendent programs as well as code primitives. 
The metacompiler creates threaded systems 
from a few hundred bytes to as large as re- 
quired, and can produce ANY threading 
scheme. And the entire system can be saved, 
sealed, or turnkeyed for distribution either on 
disk or in ROM (with or without BIOS). 
HS/FORTH is a first class application devel- 
opment and implementation system. You can 
exploit all of DOS (commands, functions, 
even shelled programs) and link to OBJ and 
.LIB files meant for other languages inter- 
actively! 

1/0 is easier than in Pascal or Basic, but much 
more powerful — whether you need parsing, 
formatting, or random access. Send display 
output through DOS, BIOS, or direct to video 
memory. Windows organize both text and 
graphics display, and greatly enhance both 
time slice and round robin multitasking utili- 
ties. Math facilities include both software and 
hardware floating point plus an 18 digit 
integer (finance) extension and fast arrays for 
all data types. Hardware floating point covers 
the full range of trig, hyper and transcenden- 
tal math including complex. : 
Undeniably the most flexible & complete 
Forth system available, at any price, with no 
expensive extras to buy later. Compiles 79 & 
83 standard programs. Distribute metacom- 
piled tools, or turnkeyed applications royalty 
free. 


HS/FORTH (complete system): $395. 
HS/FORTH: Tutorial & Ref (500 pg) 
Forth: Text & Reference (500 pg) 
HS/FORTH Glossary 
GIGAFORTH Option (Beta release) 
(Native Mode from SOFTMILLS, INC.) 


Pr Visa Mastercard 


HARVARD 
SOFTWORKS 


PO BOX 69 
SPRINGBORO, OH 45066 
(513) 748-0390 
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of numbers greater than 32,767, which 
would not convert properly to an integer. 
This restriction would have to be modi- 
fied for compilers that represent integers 
with other than 16 bits. 

After input is terminated, we convert 
the string into an integer with Turbo 
Pascal’s VAL procedure for useful work. 
VAL does not always work with a null 
string, so first we have to test for a null 
string. 

This procedure writes the integer to 
the screen using the standard Pascal 
specification. If the user enters fewer 
than the maximum number of digits, the 
integer will appear to jump to the right 
when input is terminated. This is a mat- 
ter of taste. I like numbers to be right- 
justified, and I like to see exactly what 
I’ve got, but you could just as easily leave 
what the user entered on the screen. 


Reading real numbers 

Built on the structures found in 
READ_STR and READ_INT, proce- 
dure READ_REAL is more complex be- 
cause we need to keep track of more 
things, such as the length of the left and 
right portions of the string representation 
of the real number, the maximum al- 
lowable lengths of these two parts, 
whether there is a decimal point, etc. 

The local procedure ADD_TO_STR 
is more complex than its analogues in the 
other read routines because it must per- 
form additional edits. The corresponding 
routines in READ_STR and READ_- 
INT only determine that the string is not 
too long before they concatenate the 
character onto the string. The routine 
here must determine whether the charac- 
ter is a decimal point. If it is not, the 
routine also must determine whether the 
character goes in the left or right substr- 
ing and whether that substring is already 
too long. 

The rest of the procedure is essentially 
the same as READ_INT, the definition 
of a null string that must give a numeric 
value of zero is éxpanded a little. 


Reading Booleans 

There are two procedures for reading 
Booleans, one in which program control 
may return to the field and the other in 
which it may not. 

The user would want to return to a 
Boolean, for example, that is stored in a 
record on disk and is read and updated 
from time to time. The user would want 
to know its value from the last time it 
was entered and be able to move to it on 
the screen and change its value. 

Another Boolean might appear when 
we get to a juncture in program logic and 
ask the user which path to take; for in- 
stance, in repetitive data entry we might 
ask, “Do you want to enter another rec- 
ord?” The answer is not predefined, and 
the user will not return to the question 


by paging backward through the screens. 

The second type of Boolean is simpler 
to program. Procedure READ_YN cap- 
tures a yes or no answer to a question. 
All it does is read unechoed keyboard in- 
put until it gets an -upper- or lowercase y 
or n. If it gets y, it sets the Boolean to 
true and displays the word YES. Other- 
wise it sets the Boolean to false and dis- 
plays NO. FLD is not updated in this 
procedure because program flow depends 
on the Boolean and there is no going 
backward past the question. 

The user does not type a carriage re- 
turn to terminate input. This is another 
matter of taste; accepting input without 
a carriage return saves keystrokes, but 
requiring a carriage return would make 
Boolean input consistent with all other 
data input. I opted for saving keystrokes, 
but it would be trivial to change this. 

Procedure READ_BOOL is used when 
the user may move the cursor to and 
from the field freely. The current value 
of the Boolean is displayed as YES for 
true or NO for false (or “ ” if it has 
never been entered) before the user en- 
ters a response to the prompt. In this 
routine the standard terminators update 
FLD just as in READ_STR, but a y or 
n terminates input without a carriage re- 
turn as in procedure READ_YN. Typing 
a carriage return or one of the other ter- 
minating characters simply leaves the 
current value of the Boolean as it is. 


Elegant user interface 


This article has presented a series of pro- ~~~ 


cedures used to control console data en- 
try in an interactive microcomputer 
program by determining where it occurs 
on the screen and which characters will 
be accepted as valid. It has also present- 
ed a simple mechanism that uses two 
global variables to control the flow from 
field to field and screen to screen. 

A program that uses these procedures 
enables the user to move about data en- 
try screens freely while protecting the 
program from erroneous input. These 
procedures are an integrated set, provid- 
ing a coherent and reliable data entry 
environment for the user. They follow 
sound principles of modular software de- 
sign, making it easy for the programmer 
to incorporate the procedures into his or 
her work. is | 


William Meacham is a systems analyst 
at Sheshunoff Bank Services Inc. and a 
free-lance programmer and writer. 


Artwork: Anne Doering 


“T made the mistake recently of using another mail order 
house and got bad service and old versions. Never Again.” 


We're Programmer’s Connection, your 
best one-stop source for quality pro- 
grammer’s development tools for IBM 
personal computers and compatibles. 
Here are some important facts you 
should know about us and other dealers 
in our industry. 


FREE Shipping. Shipping to U.S. cus- 
tomers is FREE via UPS Ground. If you 
want your order shipped via an express 
service, we'll only charge you the shipping 
carrier’s standard rate with no special 
fees. Some dealers charge extra for ship- 
ping and then add rush charges for 
shipping via express services. Others may 
advertise “free” shipping but make up for 
it by charging extra handling fees. 


Credit Cards. We'll charge your credit 
card only when we actually ship your order. 
Some dealers would charge your credit 
card at the time you place your order. 
This could leave you waiting for your ship- 
ment for weeks or months while they use 
your money interest-free. 


Discounts. We discount all software prod- 
ucts—even special order items. Every 
product in our advertised price list is 
shown with its list price and discounted 
price. We want you to know exactly how 
much you'll save on every product. We 
don’t try to fool you by discounting some 
products and charging full retail for 
others. 


FREE Buyer’s Guide. Our new, 84-page 
Comprehensive Buyer’s Guide & Catalog 
is the most extensive in the industry. It 
helps you find the best tools for the 
job by providing complete, functional 
descriptions for all of the software prod- 
ucts in our regular product line. 


William S. Gaut 
Research Alternatives 


Consistent Prices. We extend the same 
current prices to every customer regard- 
less of where they see our ad. Some dealers 
vary prices in different ads and then ask 
you to mention which one you saw. This 
technique allows them to charge you the 
highest prices possible. 


No Hidden Charges. The discount prices 
you see on the next two pages are all you 
pay. We don’t charge extra for UPS Ground 
shipping, credit cards, COD orders, pur- 
chase orders, sales tax (except Ohio) or 
special handling (except for non-Canadian 
international orders). 


Guarantees. We offer FREE 30-day no- 
risk return guarantees and 30-day evalua- 
tion periods on most of our products. 
Some dealers have no return options while 
others often charge restocking fees of 15% 
or more. 


Quality Products. Our product line con- 
sists of hundreds of high quality software 
development tools specifically for IBM 
Personal Computers and compatibles. 
While some dealers try to carry every 
software product ever written, we carry 
only those that meet our very high stan- 
dards for quality and value. 


Latest Versions..The products we carry 
are the latest versions and come with 
the same manufacturer’s technical support 
as if buying direct. While some dealers 
may participate in the software gray mar- 
ket, we’re authorized to sell every product 
we carry. 


Large Inventory. We have one of the 
largest inventories of programmer’s 
development products in the industry. 
Most orders are shipped within 24 hours. 
And if we don’t have a product in stock, 
we'll get it for you fast. 


MAKE NO MISTAKE... 


Meticulous Packaging. We'll give your 
shipment the extra protection needed to 
reach you in the best possible condition. 
First we'll protect your products from 
moisture by wrapping them in plastic. 
Then we'll insulate your box with high 
quality bubble-wrapping instead, of the 
messy styrofoam chips that many other 
dealers use. Finally, we'll double-tape 
your box for extra strength. 


Independence. Since we’re not directly 
affiliated with any software publisher or 
developer, we can give you sound, unbiased 
advice. Unlike some dealers who have a 
special interest in promoting only certain 
products, we'll give you an objective look 
at the products we carry. 


Noncommissioned Staff. Our courteous 


sales staff is always ready to help you. -— 


And if you aren’t sure about your needs, 
our knowledgeable technical staff can give 
you sound, objective advice. Because they 
are noncommissioned, you won't be pres- 
sured into making a purchase. 


As you can see, we're different from the 
other dealers in our industry. Our cus- 
tomers keep coming back because we 
consistently provide the highest quality 
service and the lowest prices. So call 
us today and experience these differ- 
ences for yourself. 


Turn the page for our product list and 
ordering information. 


»» MAKE THE CONNECTION 
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ai-expert systems 


1st-CLASS hy Programs in Motion 
EXSYS Development Software by EXSYS. . 

EXSYS Runtime System 
LEVELS dy /nformation Builders 
Logic-Line Series A// varieties by Thunderstone 


ai- lisp language 

GCLISP Golden Comman LISP by Gold Hill 
GCLISP 286 Developer by Gold Hill ... 
Microsoft LISP Common LISP 
QNIAL Combines LISP & APL by NIAL Systems 
Sapiens MAKE & V8 


Sapiens V8 Virtual Memory Manager 
Star Sapphire LISP Compiler by Sapiens . 
TransLISP PLUS from Solution Systems 


ai- prolog language 
Arity Combination Package 
Expert System Development Pk 
File Interchange Toolkit... . 
PROLOG Compiler & Interpre 
Screen Design Toolkit 
SOL Development Package . 
Arity PROLOG Interpreter . . 
Arity Standard Prolog 
LPA microPROLOG A// Varieties 
MPROLOG Language Primer LOG/ICWARE 
MPROLOG P500 ty LOGICWARE 
MPROLOG P550 w/Primer by LOGICWARE 
Turbo PROLOG dy Borland Int! 
Turbo PROLOG Toolbox by Borland Int! 


ai- smallitalk language 


EGA/VGA Color Option . . 


ai- texas instruments 
Arborist Decision Tree Software 


Personal Consultant Easy . 
Personal Consultant Image 
Personal Consultant Online 
Personal Consultant Plus ... 
Personal Consultant Runtime . . 


ada language 


AdaVantage GSA-Validated by Meridian Software ... 
AdaVantage Utility Packages 
DOS Environment Package ... 

Janus/ADA C Pak by R&R Software . 

danus/ADA D Pak by R&R Software. 

Janus/ADA ED Pak by R&R Software 

apl language 

APL*PLUS PC dy STSC 

APL“PLUS PC Spreadsheet Mgr by S7SC 

APL*PLUS PC Tools Vol 1 by S7TSC 

APL*PLUS PC Tools Vol 2 by STSC . 

APL*PLUS PS/2 by STSC 

ATLAS *GRAPHICS by S7SC .... 

Financial/ Apel Library by STSC . 


STATGRAPHICS by STSC 


assembly language 


386 ASM/LINK Cross Asm by Phar Lap 
8088 Assembler w/Z-80 Translator by 2500 AD 
ASMLIB Function Library by BC Assoc 
asmTREE 8-7ree Dev System by BC Assoc . 
Cross Assemblers Various by 2500 AD 
EZASM by C Source 
Microsoft Macro Assembler . 

Turbo Debugger by Speedware . 
Turbo Editasm by Speedware ... 
Visible Computer: 8088 by Software Masters 


.basic language 


87 Software Pak by Hauppauge 
db/Lib for QuickBASIC by AJS Publishing 
Finally by Komputerwerk 
MACH 2 by Micro Help 

Microsoft QuickBASIC.... 
QBase Ae/ational Database by Crescent 
Quick-Tools 4y BC Associates 
QuickPak by Crescent Software 
Scientific Subroutine Library by Peerless 
Screen Sculptor by Software Bottling 
Stay-Res by MicroHelp 
True Basic w/Run-time .. 


$20 Rebate Until 10/15 


Turbo BASIC Compiler by Borland Intl . 


blaise products 
ASYNCH MANAGER Specify C or Pascal 
C TOOLS PLUS/5.0 


KeyPlayer Super Batch Program .. 
LIGHT Ho for Datalight C.... 


PASCAL TOOLS & TOOLS 2.... 
RUNOFF Text Formatter. . 
TURBO ASYNCH PLUS 
TURBO C TOOLS 


borland products 


EUREKA Equation Solver 
Reflex: The Analyst 


Turbo Basic Compiler........................ 


Turbo Basic Database Toolhox............. New 
Turbo Basic Editor Toolbox ............... New 
Turbo Basic Telecom Toolbox.............. New 


Turbo C Compiler (Call for support products) ....... 

Turbo Lightning and Word Wizard ......... 5 
Tearbea Lighatiaang gece: <ca: = c:01's oreiet «w clesetaiassre 
Turbo Lightning Word Wizard........... 

Turbo Pascal and Tutor ................. 
LOA Oreo godenpoopencodeen cons 
Turbo Pascal Tutor ................5. 

Turbo Pascal Database Toolbox . 

Turbo Pascal Editor Toolbox... . 

Turbo Pascal Gameworks Toolbo: 

Turbo Pascal Graphix Toolbox . . 

Turbo Pascal Jumbo Pack............... 

Turbo Pascal Numerical Methods Toolbox ... 

Turbo Prolog Compiler................4. 3 

Turbo: Prolog Toolbox -..-..2-00.. cc ccs essa 


c compilers 


C8GPLUS by Computer Innovations............4. 
DeSmet C w/Debugger & Large case ....... . 
DeSmet C w/Debugger only..........0005 

Eco-C Complete System by Ecosoft......... 

Lattice C Compiler vers. 3.2 from Lattice .... a 
Mark Williams Let's C w/csd...............005 
Microsoft C Compiler w/CedeView .... it 
Microsoft QuickC Compiler ............... New 
Optimum-C by Datalight 6.0.0... cece eee eee 
Turbo C Compiler by Borland .............0000e 
Uniware 68000/10/20 Cross Compiler by SDS .... 


c interpreters 


C-terp by Gimpel, Specify compiler .... New Version 
C Trainer with Book by Catalytix..........0.0006 
Instant C by Rational Systems... . New Version 
Introducing C by Computer Innovations ........... 
Run/C by Age of Reason .......... 
Run/C Professional by Age of Reason 
c utilities 
Blackstar C Library by Sterling Castle........ 
C++ by Guidelines w/version 1.1 kernel... 
c-tree & r-tree Combo by FairCom 
c-tree /SAM File Manager ....... 
t-tree Report Generator 
Csharp Realtime Toolkit by Systems Guild..... New 
Curses Window Dev Pkg by Aspen Scientific .. New 
dBx dBASE to C Translator by Desktop Al ......... 
with Source Code ..........0.0.0e0e New 
Flash-up Windows dy Software Bottling ... pas 
GraphiC Color version by Sci Endeavors... 
GRAFLIB by Sutrasoft .........cceeeeuee 
HALO Graphics by Media Cybernetics ... 
HALO Development Pkg for Microsoft . 
The HAMMER by OES Systems ... 
PANEL Forms Management by Roun 
PANEL/TC for Turbo C by Roundhill . . ‘ 
PANEL Plus by Roundhill 0.06. ccc eee 
PC Lint by Gimpel Software 0... ss. cececeseens 
PHACT from UniPress .......0eseeeees 
PLOTHP by Sutrasoft.........c0see00% 
RTC PLUS Fortran to C by Cobalt Blue .... 
Scientific Subroutine Library by Peerless 
TE Text Editor source by Sub Systems ....... 
Vitamin C by Creative Programming ........0.005 
VC Screen Forms Designer.......+.0005 
Zview by Data Mgmt Consultants 


cobol language 


COBDLSpIN Sy FlexUSiics Aa craieueajis seu sinee ows 
FPLIB for Realia COBOL by BC Associates......... 
Micro Focus COBOL See Micro Focus Section 
Microsoft COBOL See Microsoft Section 
PODToy:Pre-Codey cis. cjeieiea siai'siesieaeie.0 New 
Realia COBOL with RealMENU ...... New Version 
Realia COBOL << New Version 
LCI ghestrcaunprubar. 6 seaeaecoseeG 
RM/COBOL by Ryan-McFarland . se c 
RM/COBOL 85 by Ryan-McFarland 5 
RM/NET+5 by Ryan-McFarland ... New 
RM/Screens ....... 
SCREENIO by Norcom 
screenplay for COBOL by Flexus .........55 


cess products 


Combo Package 4y Custom Software Systems...... 
PC/SPELL Spelling Checker..........+5 
PC/TOOLS UNIX-like Utilities , 
POU MIWE ators er )itirorai ce ae ojetersseieiaytteraiaiee« 


debuggers & profilers 


386 DEBUG Cross Debugger by Phar lap ........+ 
Advanced Trace-86 by Morgan Computing . 4 
Codesmith-86 Ay Visual Age 
DSD87 by Soft Advances .... 
MiniProbe by Atron ..........0.000e 
Periscope | with Board by Periscope .... 
Periscope Il with NMI Breakout Switch .. 
Periscope II-X Software only ......... 
Periscope Ill @ MHz version .........+ 
Periscope Ill 10 MHz version......... 
The PROFILER with Source Code by DWB........ 

TURBOsmith Source debugger for Turbo Pascal..... 
The WATCHER Profiler by Stony Brook........... 


disk utilities 


Back-It hy Gazelle Systems ........ee ee seeeeee 
Disk Optimizer by Softlogic Systems... . 


Disk Technician by Prime Solutions .... New 
FASTBACK by 5th Generation Systems .. shee 
Vcache by Golden Bow Systems ....... New 
Vopt by Golden Bow Systems ....... . New 
Vfeature by Golden Bow Systems ...... . New 


Vfeature Deluxe by Golden Bow Systems 
XenoCopy-PC by XenoSoft ...... 2. c eee eeeeeee 


dos utilities 


Advanced Norton Utilities..................005 150 
Command Plus by ESP Software ..............45 80 
FANSI-CONSOLE by Hersey Micro .............. 75 
Mace Utilities Pau/ Mace Software ......... New 99 
MicroHelp Utility by MicroHelp...............05 59 
Norton Commander by Peter Norton ............. 75 
Norton Utilities by Peter Norton .............005 100 
OPAL Shell Language by Software Factory ........ 99 
Q-DOS Il by Gazelle Systems ..... 0.0.0 cece e eee 70 
Taskview by Sunny Hill Software ......... 40005 80 
essential products 
C(Ublity MibraryPetccicwie« scene eats 185 
Essential Comm Library with Debugger........... 250 
Essential Comm Library Software Only 185 
Breakout Debugger Only Any /anguage . . ll 
Essential Graphics... 3 sciiuctecce isis oe osc 250 
forth language 
CFORTH Wative Code Compiler by LMI ........... 300 
FORTH/83 Metacompiler Specify Target ......... 750 
PC/FORTH by Laboratory Microsystems .......... 150 
PC/FORTH+ dy Laboratory Microsystems ......... 250 
Programmer's Package #1 by/M/ .......... New 250 
Programmer's Package #2 by /M/ .......... New 350 
Programmer's Package #3 by /M/ .......... New 500 
UR/FORTH Also Available for 0S/2 by LMI ....... 350 
UR/FORTH Libraries..............0eeeeeeees 500 
fortran language 
50 MORE: FORTRAN dy Peerless Scientific ....... 125 
ACS Time Series by Alpha Computer Service ...... 495 
AUTOMATED PROGRAMMER dy KGK AutomatedNew 250 
Essential Graphics by Essential Software ......... 250 
For-Winds by Alpha Computer Service ........... 90 
Forlib-Plus by Alpha Computer Service ........... 70 
FORTLIB by Sutrasoft .........cceceesencneee 125 
FORTRAN Addendum by /mpulse Engr............ 95 
FORTRAN Addenda by /mpulse Engr...........4. 165 
GRAFLIB by Sutrasoft ........ 00. c cece eee eee 175 
HALO Graphics by Media Cybernetics ... noe tt) 
1/0 PRO w/No Limit Library by MEF . 250 
Microcompatibles Combo Package 240 
Grafmatic ao 135 
Plotmatic 135 
Microsoft FORTRAN w/Co 450 
No Limit Library by MEF Environmental........... 129 
Numerical Analyst by MAGUS..............0006 295 
PANEL by Roundhill Computer Systems eomnneeo) 
PLOTHP)By/ Sutrasort irs = cisiciersiatare sais: a1 ale steister- 175 
RM/FORTRAN by Ayan-McFarland... . 595 


RTC PLUS Fortran to C by Cobalt Blue 450 
Scientific Subroutine Lib by Peerless ....... Hele gt) 
Statistician by A/pha Computer Service 295 
STATLIB.GL: by Peerless ..........5 New Version 295 
STATLIB.TSF: by Peerless ........+5 New Version 295 
Strings & Things by Alpha Computer Service....... 70 


greenleaf products 


Greenleaf C Sampler for Turbo C & QuickC .... New 95 
Greenleaf Comm Library ..........00ee eee eees 185 
Greenleaf Data Windows Library ............... 225 


With Source Code... ...eccevceveevceneneee 395 
Greenleaf Functions.............sseccsecnees 185 
help utilities 
HELP/Control by MDS... 0.0 cc cece eee eens 125 
On-line Help from Opt-Tec 5 . 149 
SoftScreen/HELP dy Dialecti 195 
lattice products 
Lattice C Compiler ver 3.2 from Lattice... .......65 500 

with Library Source Code ......eceseeevveaes 900 
C Cross Reference Generator. . 50 

with Source Code ........+4. 200 
C-Food Smorgasbord Function Library . 150 

WITH SOUCOGODR is 6. 51/014 sialetei she's cierto 018 614i 300 
C-Sprite Source Level Debugger .......0.0.eeue 175 
Curses Screen Manager ........ccescveevevaee 125 

with Source Code .......ecsecevnencasavens 250 
ABC Specify ABC Il or UBC Ml... ss eevee eeneeeens 250 

IEA, SOUCOTC OMA) at craterehora} atetalvere)teyeotene Teter 500 
[5 eonessacddsnodadermecucnenodoD 750 

WIN SOUTCO}CODB a 2:00, 5i15:ecs16;6,0,0'010 s1ho7as 88) 16 1500 
LAK Make Ratiity se s.ss1..0 cise aterosmiemine toate 195 
RPG Il Combo ll three items DelOW ssc dev ocer 1100 


RPG Il Compiler Vo Royalties... 6... cece eae 750 


SEU Source Entry Utility... 6c. ccc cece ence e ne 250 
SOrt/ MGI gO sic si staschajsccieteqesstsieidraiesdswiagelorttt arate 250 
Screen Design Aid Utility for APG) ....... 6 eee 350 
SecretDisk File Encryption Utility .........0.e0ee 120 
SideTalk Resident Communications ........6.6605 120 


SSP/PC Scientific Subroutine Library . 350 
Text Management Utilities . 120 
TopView Toolbasket Funct 200) 
WITT SOULCELCOUR ew steracayererave/biele'e o/8)0%s ev0.a)eyeiny 500 
metagraphics products 
LightWINDOW/C for Datalight Co... . ccc cea 95 
FONtWINDOW fiers oye cr actetieiaiettetecocusjeinetereriein 95 
FontWINDOW/PLUS............0c0eceeeeeee 275 
MetaWINDOW No Royalties.........cceseeuee » 195 
MetaWINDOW/PLUS ............cceceeeeeee 275 
TurboWINDOW/C for Turbo C ... 1. eee eee ee 95 
TurboWINDOW/Pascal for Turbo Pascal ......... 95 
micro focus products 
Micro Focus Level Il COBOL w/Animator......... 495 
Revel COBO le riercrs ciacevecartoteattereckeranersiersie(s 349 
Movell Animator? <..oisis.:< soiesescfetsvsitie.lo.sievets ate 195 
Micro Focus Level |! COBOL/ET for UNIX........ CALL 
Micro Focus Personal COBOL ................. 149 
Micro Focus Professional COBOL 2000 
Micro Focus VS COBOL/XENIX 1495 
Micro Focus Support Products: 
COBOL/IO Ad hoc Report Writer ...........4. 495 


microport products 
386 Unlimited License Kit .................00 
AT Unlimited License Kit ... F 
DOSMerge286 Run DOS and UNIX together . 
DOSMerge386 Aun DOS and UNIX together 
System V/386 Combination........... 
386 Runtime System ................0- eee 
386 Software Development System ........... 
Text Preparation System .................-- 
System V/AT Combination...............00008 
AT Runtime System ............-2.0 eee eeee 
AT Software Development System............ 
Text Preparation System ...............0005 


microsoft products 


Microsoft BASIC Compiler for XEWIX ............ 
Microsoft BASIC Interpreter for XEW/IX........... 
Microsoft C Compiler w/CodeView.... New Version 
Microsoft COBOL Compiler with COBOL Tools...... 
LOWEN Xeorcte ore hesartacietelsieletsister task deers 
Microsoft FORTRAN Optimizing Compiler/CodeView 
Microsoft FORTRAN for XEMIX...........0 0000 
Microsoft Learning DOS ................. AG 
Microsoft LISP Common LISP...........+++ 
Microsoft MACH 10 with Mouse & Windows .. 
Microsoft MACH 10 Board only .............65% 
Microsoft Macro Assembler . . . New Version 
Microsoft Mouse for /BM PS/2 .........+5+ 
Microsoft Mouse Bus Version . . 
Microsoft Mouse Serial Version . . 
Microsoft muMath /acludes muS/MP . 
Microsoft Pascal Compiler............ 
lied Ma eab ae dna cone SU COCO ECONO COD 
Microsoft QuickBASIC .... $20 Rebate Until 10/15 
Microsoft Quick@ 0:0). 0602000 sissies oe seme 
Microsoft Sort............- ats 
Microsoft Windows 
Microsoft Windows Development Kit ... . . 
MicrosoftiWord)..c.7eon-vstetetaia oteobsterereveraictercioisvere 


mks products 


MKS AWK /ncludes Book Offer until 10/30 ... New 
MKS Toolkit with MKSV/ Editor males 
MKSVI Editor by MKS «0... cece ener 


modula-2 language 


EXE2LNK MASM Interface by PMI ...... 0.0.0 00s 
LOGITECH Modula-2 Development System.... Vew 
Modula-2 Compiler Pack ive 
Modula-2 Toolkit ..........ceeeeee eres New 
LOGITECH Modula-2 ROM Pkg & X RT Debugger 
LOGITECH Modula-2 Window Pkg F 
Macro2 Macro preprocessor by PMI 
ModBase by PM/ ..... 
ModGraph by 7EQNA .. 
Repertoire by PM/ ...........0000s 
Science & Engrg Tools by Quinn-Curtis . . . ; 
Universal Graphics Library by Quinn-Curtis ........ 


mause products 


LOGIMOUSE BUS with PLUS Pkg by LOGITECH .... 
with PLUS & PC Paintbrush San 

with PLUS & CAD Software.......+ 
with PLUS & CAD & Paint..... Bt 
with First Publisher... sss. cvveveeevvene 

LOGIMOUSE C7 with PLUS Pkg, Specify Connector 
with PLUS & PC Paintbrush 
with PLUS & CAD Software 
with PLUS & CAD & Paint....... ace 
with First Publisher... ..sccvesvecneeues 

Microsoft Mouse See Microsoft Section 


other languages 


ACTOR by Whitewater Group .........esvcvenee . 
CCS MUMPS Single-User by MGlobal . f 
CCS MUMPS Single-User Multi-Tasking . . 
CCS MUMPS Multi-User ........+ 
Marshal Pascal by Marshal Language 
Pascal-2 by Oregon Software 
Personal REXX by Mansfield Softwar 
SNOBOL4+ dy Catspaw.......... 


other products 


Carbon Copy by Meridian Technology ........ New 
Dan Bricklin’s Demo Pgm dy Software Garden ..... 
Dan Bricklin's Demo Tutorial ........ see 
Fast Forward by Mark Williams .. 
Instant Replay by Vostradamus....... 
MicroTEX 7ypesetting from Addison-Wesley ....... 
Net-Tools by BC Associates ....... 00. e cee eenee 
Norton Guides Specify Language.... a 
OPT-Tech Sort by Opt-Tech Data Proc .........4+ 
PC/TOOLS dy Custom Software ..........6.0005 
Screen Machine by MicroHelp ........00.0ee0ee 
SuperSort by LifeStyle... ... ccc cece eens New 


phoenix products 


Pasm86 Macro Assembler version 2.0..........++ 
Pdisk Hard Disk & Backup Utility... 0.0... cece ee 
Pfantasy Pac Phoenix Combo ............eceees 
Pfinish Execution Profiler ........cesceveeseeee 
Pfix86plus Symbolic Debugger ........0.seeevee 
PforCe Specify C Compiler ........ 
PforCe++ Specify C Compiler and C++ . 
Plink86plus Overlay Linker ...... 

Pmaker Make Utility..... 
Pmate Macro Text Editor ..... oa 
Bree Celi MU slit Vaewey vakecskesfrrosolayeteraiats:fera there « tei 
Ptel Binary File Transfer Program ...........0005 


polytron preducts 


PolyBoost 7he Software Accelerator ...........+5 
PolyDesk IIl............00005 
PolyDesk III Archivist 


PolyDesk Ill Cryptographer .... 50 

PolyDesk Ill Talk.......... 70 
PolyLibrarian Library Manager .. 99 
PolyLibrarian II Library Manager . 149 
PolyMake UMX-like Make Facility. . 149 
PolyShell.. seis oso2.ec2<cce sts 149 
Polytron C Beautifier ......... 50 
PolyXREF Complete Cross Ref Utility . 219 
PolyXREF One /anguage only ... 129 
PVCS Corporate Version Control 395 
PVCS Personal ............... 149 


program mgmt utiliti 
Interactive EASYFLOW dy Haventree ............ 150 


PrintQ by Software Directions... .. 89 
Quilt Computing Combo Package . . 250 
QMake Program Rebuild Utility... . 99 
SRMS Software Revision Mgmt System eet 1100 
Source Print by A/debaran Labs ....... ec 97 
TLIB Version Control System by Burton ........... 100 
Tree Diagrammer by Aldebaran Labs ............ 71 
raima products 
dbQUERY Single-User Query Utility.........0+045 195 
Single-User with Source Code .........00+0005 495 
MULUCU SB lps s tet iase ates ols aiataie (ore ale nisin viainiia ot 495 
Multi-User with Source Code .........++0+0005 990 
dbVISTA Single-User DBMS .... 0.0.00 -e cee eens 195 
Single-User with Source Code ...........0.008 495 
(RIK apondocot dota ao tc HnUo sede uns 495 


Multi-User with Source Code. .......seeeeeeee 990 
sco products 


Complete XENIX System V by SCO.............. 1295 
Development System ..... 595 
Operating System Specify XT 595 
Text Processing Package ..............00005 195 

Lyrix by SCO 595 

SCO Professional /-2-3 Workalike for XENIX....... 795 

SCO XEWIX-NET .......ccsccceecscnccceses 595 

XENIX System V 386 ty SCO............+- New CALL 

softcraft products 

Btrieve /SAM Mgr with No Royalties ............. 245 
Xtrieve Query Utility... 0... cece eee eee eee 245 
Report Option for Xtrieve .......... ccc eee ee 145 

Btrieve/N for Networks .........cccc cece eee 595 
Meriaye Meas eiciceicteateccistrioyaie ss iujsie.s bias 595 
Report Option/N for Xtrieve/N.........02005- 345 

text editors 

Brief & dBrief Combo from Solution Systems ...... 275 
| Settee sblldor crea eaenonu saaaann aS 195 
dBrief Customizes Brief for dBASE Ill. .......+4. 95 

MODY {David LIVSBIME osa;e:nsaralata oxo! vspozsla ors: ocaerte New 75 

Epsilon Fmacs-like editor by Lugaru........0+0005 195 

KEDIT by Mansfield Software .........00eee ree 125 

Micro/SPF by Phaser Systems 175 


Microsoft Word......... .. 450 


PC/VI by Custom Software Sy: 558 149 
SPF/PC by Command Technology Corp . so, (CALL 
Vedit Plus by CompuView......0.ccceeveeeeeee 185 
turbo pascal utilities 
ALICE /nterpreter by Software Channels ........4. 95 
DOS/BIOS & Mouse Tools by Quinn-Curtis........ 75 
Flash-up Windows dy Software Bottling .......... 90 
MACH 2 for Turbo Pascal by MicroHelp.......... 69 
MetraByte D/A Tools by Quinn-Curtis.....0. 6.465 100 
Science & Engrg Tools by Quinn-Curtis.........+. 75 
Screen Sculptor by Software Bottling ..........65 125 
Speed Screen by Software Bottling. .......00.ees 35 
System Builder by Royal American ..........0005 150 
IMPEX Query Utility... 0. ccc cece eee eens 100 
RapartiBuidetsicsc:ciciers oss steer ecoupie vis «ie a7etnisiene 130 
TDebugPLUS dy TurboPower Software ........+5+ 60 
Tmark by Tangent Systems .........00es00e New 80 
Turbo EXTENDER by 7urboPower Software........ 85 
Turbo OPTIMIZER by TurboPower .........+++++ 75 
WHA SOUrCE CODE... 26 Firn ves nes eecensinens 125 
Turbo Professional by Sunny Hill ........000000e 70 
TurboHALO from IMSI .... ccc cee cee eee ences 129 
TurboPower Utilities by Tur! 95 
TurboRef by Gracon Services .. 50 
TURBOsmith Source Debugger by 69 
Universal Graphics Library by Quinn-Curtis ........ 150 
wendin products 
Operating System Toolbox .............e0eeeee 99 
PCNX Operating system ...... cece eee eeeene 99 
PCVMS Similar to VAX/VMS «0... ..000ccuceeee 99 
Wendin-DOS Multitasking DOS...........000005 99 
Wendin-DOS Application Developer's Kit ..... New 99 
XTC Text Editor w/Pascal source ........0+00005 99 
xenix/unix products 
Btrieve /SAM File Mgr by SoftCraft...........005 595 
C-terp by Gimpel, Specify compiler ........0.0006 498 
c-tree SAM Mor by FairCom ..........ceeeeeee 395 
dBx with Library Source by Desktop Al............ 550 
Desqview from Quarterdeck ............455 New 100 
DIRECTORY SHELL ty American Mgmt Systems New 349 
DOSIX Console Version by Data Basics .......... 399: 
DOSIX User Version by Data Basics ..........065 199 


Micro Focus Products See Micro Focus Section 
Microport Products See Microport Section 

Microsoft Products See Microsoft Section 

PANEL Plus 4y Roundhill Computer Systems ....... 795 
REAL-TOOLS Binary Version by PCT... ate 


Library Source Version . 399 
Complete Source Version ... 999 
RM/COBOL dy Ryan-McFarland . . 1250 


RM/FORTRAN by Ayan-McFarland............. 750 
SCO Products See SCO Section 


Call or write for our FREE Comprehensive Buyers Guide 


Terms subject to change. 


©Copyright 1987 Programmer's Connection incorporated. 


LOWEST PRICES 
Due to printing lead times, some of our current 
prices may differ from those shown here. Call for 
latest pricing. 

FREE SHIPPING 
Orders within the USA (including Alaska & Hawaii) 
are shipped FREE via UPS. Express shipping is 
available at the shipping carrier's standard rate 
with no rush fees or handling charges. To avoid 
delays when ordering by mail, please call first to 
determine the exact cost of express shipping. 

CREDIT CARDS 
VISA and MasterCard are accepted at no extra 
cost. Your card is charged when your order is 
shipped. Mail orders please include credit card 
expiration date and authorized signature. 

CODs AND POs 
CODs and Purchase Orders are accepted at no 
extra cost. No personal checks are accepted on 
COD orders. POs with net 30-day terms (with initial 
minimum order of $100) are available to qualified 
US accounts only. 

SALES TAX 
Orders outside of Ohio are not charged state sales 
tax. Ohio customers please add 6% Ohio tax or 
provide proof of tax-exemption. 
INTERNATIONAL ORDERS 

Shipping charges for International and Canadian 
orders are based on the shipping carrier's standard 
rate. Since rates vary between carriers, please call 
or write for the exact cost. International orders 
(except Canada), please include an additional $10 
for export preparation. All payments must be made 
with US funds drawn ona US bank. Please include 
your telephone number when ordering by mail. Due 
to government regulations, we cannot ship to all 
countries. , 

VOLUME ORDERS 
Volume orders may qualify for additional discounts. 
Call us for special pricing. 

SOUND ADVICE 
Our knowledgeable technical staff can answer 
technical questions, assist in comparing products 


and send you detailed product information tailored 


to your needs. 
30-DAY GUARANTEE 
Most of our products (excluding books) come with 
a 30-day documentation evaluation period or a 
30-day return guarantee. Please note that some 
manufacturers restrict us from offering guarantees 
on their products. Call for more information. 
MAIL ORDERS 
Please include your telephone number on all mail 
orders. Be sure to specify computer, operating 
system and any applicable compiler or hardware 
interface(s). Send mail orders to: 
Programmer's Connection 
Order Processing Department 
136 Sunnyside Street 
Hartville, OH 44632 


CANADA .... . 800-225-1166 
OHIO & ALASKA (Collect) 216-877-3781 
9102406879 

62806530 

INTERNATIONAL ............ 216-877-3781 


CUSTOMER SERVICE .... 216-877-1110 


Hours: Weekdays 8:30 AM to 8:00 PM EST. 


CIRCLE 32 ON READER SERVICE CARD 


. 800-336-1166 
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‘areal 


UNIX System V 
for your 386 or 
286-based PC!” 


Microport System V/AT and Microport 
System V/386 are fully-licensed imple- 
mentations of the certified AT&T UNIX 


System V Release 3 for personal computers. 


Microport System V provides true multi- 
user and multi-tasking capabilities. It 
runs in protected mode and supports the 
entire address space available; up to 
sixteen megabytes on an AT and up to 
four gigabytes on an 80386. It supports 
all standard hard disks, multiple printers, 
multiple modems, 2 to 17 users on a single 
AT, and an unlimited number of users 


on an 80386. 


a \ . 
Additional features: 


® Demand-paged, virtual memory 
management. 

® Virtual consoles allow fifteen virtual win- 
dows of operation for UNIX applications 
and DOS windows under DOS Merge. 

® Electronic mail, communications with 
uucp and CU. 

® Dynamic buffer allocation. 

®@ PC-DOS partitioning allows DOS and 
System V files to reside on the same hard 
disk (not required with DOS Merge). 

©@ Shared libraries. 

® 80286 compatibility. 

® Link kit to allow user installable device 
drivers. 

® Menu-driven system administration. 

® On-line help facility. 

Microport Sys Vision™ is a part of both 

System V/AT and System V/386, so you 

won't have to worry about system admin- 

istration. Both are menu-driven and have 

context-sensitive help facilities. Sys Vision 

menus lets you perform all the system 

housekeeping and basic tasks without 

knowing the specific UNIX commands. 

It is menu-driven and has context-sensi- 

tive help facilities. 

RUNTIME PACKAGE. The System 

V Runtime Package contains over 180 

utility programs. It is one of the most 

comprehensive UNIX runtime systems 

currently available and includes the screen 

editor “vi” with user tutorials. 

System V is sold with a two-user UNIX 

binary license. For an additional fee, users 

can obtain a kit to upgrade this license 

to an unlimited number of users. 


80286: List $ 199 Ours $ 169 
80386: List $ 199 Ours $ 169 


UNLIMITED USER LICENSE KIT. 


Upgrades your System V Runtime for 
an unlimited number of users. 


80286: List $ 249 Ours $ 209 
80386: List $ 249 Ours $ 209 


RE DEVELOPMENT 


YSTEM. This programming package 
includes an AT&T C Compiler that makes 
full and efficient use of your processor's 
extended instruction set. The code pro- 
duced is among the most compact and 
fastest available. 

Sdb, the source level debugger, allows 
display of the actual lines of C code being 
executed. Many useful tools such as SCCS 
(source code control system), make and 
ctrace are also provided. 


80286: List $ 249 Ours $ 209 
80386: List $499 Ours $ 429 


TEXT PROCESSING SYSTEM. This 
package consists of the complete System V 
Release 2 Documentors Workbench 
(DWB). It includes both the new troff 


(device-independent troff).and the old 


troff (otroff). Drivers for the HP LaserJet | 


Printer and APPLE’s LaserWriter are 
optionally available. 


80286: List $ 199 Ours $ 169 
80386: List $ 199 Ours $ 169 
COMPLETE SYSTEM V. Includes 


Package and Text Processing Package. 
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80386: List $ 799 Ours $ 699 


DOS Merge. DOS Merge is a true multi- 


user and multi-tasking environment that 
supports concurrent use of both UNIX 
and DOS. With DOS Merge, you can 
develop software by combining DOS and 
UNIX programs and commands. You can 
even run both UNIX and DOS programs 
that use the same files. And DOS Merge 
386 uses the full capabilities of the 80386's 
memory management so you can run 
multiple DOS programs and UNIX pro- 
gramsatthesametimeondumbterminals. 
DOS Merge 386 comes in two versions: 


a 2-user version and an unlimited-user | 


version. } 

80286: List $ 149 Ours $125 
80386 Unltd: List $495 Ours $ 429 
80386 2 User: List $ 395 Ours $ 345 
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Microport Products 
List Ours 
System V/ 386 Complete System 799 699 
Runtime System /2 Users) 199 169 
Software Development System 4989 429 
Text Preparation System. : . 199 169 
System V/ 386 Unlimited User License 249 209 
DUSMerge 386 2-user System . 995 345 
 DOSMerge 386 Unsimited-user System 495 429 
System V/ AT Complete System 649 465 
Runtime System /2 Users) 189 169 
| Software Development System . 249 209 
| Text Preparation System. 199 169 
System V/AT Unlimited User Licens 249 209 
DOSMerge286 ; 149 1125 


Prices include FREE UPS surface shipping 
to all U.S. customers. Express services 
-are available at the shipping carrier's 
Standard rate. 


‘When ordering, please specify 80286 or 
80386 computer, DOSMerge 286 doesnt 
work on all clones, please ask before 
ordering. 


Please refer to our main advertisement in 
this journal for more information and the 
largest advertised selection of program- 
-Mer's development tools for IBM personal 
“computers and compatibles. 


Programmer's Connection 
136 Sunnyside Street 
Hartville, Ohio 44632 


Hours: Weekdays 8:30 AM to 8:00 PM EST. 


CALL TOLL FREE 
USA 800-336-1166 
CANADA 800-225-1166 
QHIO & ALASKA (Collect) 216-877-3781 


INTERNATIONAL 216-877-3781 


‘CUSTOMER SERVICE 216-877-1110 
TELEX 9102406879 
EASYLINK 62806530 


© 1987 Programmer's Connection Incorporated. 


An Iterative 


Approach 


Quickso 


uicksort is one 
of the most 
popular gen- 
eralized sort- 
ing alee tins in use today. Its average 
execution speed is proportional to Nlog/, 
where JN is the number of elements being 
sorted. If you use the O( ) notation to 
reference performance, Quicksort is an 
average O(log/V) performer. 

Quicksort is an in-place sorting algo- 
rithm; it does not have to make copies of 
the elements being sorted. It is usually 
implemented using recursion. In this ar- 
ticle, we present a modification of R. 
Sedgewick’s iterative Quicksort present- 
ed in the book Algorithms. 

The general idea of Quicksort is to 
choose an element (the pivot) in-an array 
being sorted and then scan the array ele- 
ments, exchanging all elements to the 
left of the pivot that are greater than or 
equal to the pivot with all elements to the 
right of the pivot that are less than or 
equal to the pivot. 

When all these elements have been ex- 
changed, the array is divided into two 
subarrays (partitions). The process is 
then recursively called on the left parti- 
tion, forming further partitions. When 
the left-most partition contains one or 
zero elements, the process moves on to 
the second left-most partition. Since the 
sorting is performed in place, a size of 
one or zero for the right-most partition 
implies that the array is sorted. 

A pivot can be chosen in many ways. 
The method you choose should be tai- 
lored to the presort conditions and the 
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type of data being sorted. Since our pur- 
pose is to illustrate the iterative approach 
rather then pivot selection, we chose the 
right-most element of the partition being 
scanned. 


Recursive Quicksort 

Listing 1 is a typical recursive implemen- 
tation of Quicksort. Procedure Quicksort 
is called, with the array to be sorted 
(Key) passed as a variable parameter. / is 
the index of the left element of the array, 
and r is the index of the right element. 
The main body of code is entered if r is 
greater than /; that is, if the partition 
size is greater than 1. 


Pivot is assigned the value of the right- 
most Key element, and the two scanning 
pointers, i and j, are initialized. The 
right-moving pointer (7) is incremented 
until it points to an element that is great- 
er than or equal to the pivot. Since the 
right-most element is the pivot, the right- 
moving pointer cannot exceed this point 
on the first scan. Next, the left-moving 
pointer (j) is decremented until it points 
to an element that is less than or equal to 
the pivot. 

Since we generally know nothing of 
the data order when a sort is first en- 
tered, the left-most element in the origi- 
nal array must be a sentinel key to 


Procedure QuickSort(Var Key : SortArray; 1,r : Integer); 
Var 
Pivot,Temp : KeyType; 
aa : Integer; 
If r > 1 Then 
Begin 
Pivot :=Keylr]; i:=Pred(1); jest; 
Repeat 


Repeat i:=Suce(i); Until Keyli] >= Pivot; 
Repeat j:=Pred(j); Until Keylj] <= Pivot; 
Temp:=Key(iJ; Keyfil:=Keyl 31; KeyL jJ:=Temp; 


Until j <= i; 


Keyl jJ:=KeyLi]; Keylil: =key[r]; Key[r]:= Temp; 


QuickSort (Key, 1,Pred(i)); 
QuickSort (Key, Succ(i),r); 
End; — 
End; 


Listing 1. 
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ensure that the left-moving pointer does 
not scan out of the array. This is quite 
easy to implement by declaring the index 
of the first element in the array to be 
zero rather than the usual one. In this 
case, set the value of Key/0/ to be the 
smallest possible value of the data being 
sorted. Since the elements are strings, 
the value of Key/0/ is set to NULL 
(Key/0]:=“). The use of a sentinel key 
eliminates the need of a time-costly If 
test on the value of the left-moving 
pointer. 

After the two pointers have stopped, 
the elements to which they point are ex- 
changed. This scan-exchange process is 
continued until the pointers have either 


Scan-partition process 
sEXAMPLESORT 


crossed or are pointing to the same ele- 
ment. If the latter case occurs, we know 
that all elements to the left of the point- 
ed element are less than or equal to the 
pivot, and all elements to the right of the 
pointed element are greater than or 
equal to the pivot. If the pointers have 
crossed, then these same conditions are 
true for all elements in the partition ex- 
cept the current targets of the pointers. 
These two elements will be reversed due 
to the last exchange operation. 

When the scan-exchange routine is ex- 
ited, we do not test to see if the pointers 
have crossed. Instead, we exchange the 
elements currently being pointed to. If 
the pointers were crossed, then the ele- 


i jr initial 


SERAMPLESXOT 


Mediinenges 


SERAMPLESOXT 


ji undo extra swap 


sERAMPLESOTX 


jir place pivot 


sERAMPLESO T X 
sERAMPLESO 
sEEAML O RSP 


SUBIR Ae Le 3M 


Cae 

SS \ iia Sa 
Recsak 
Rees 


sAEELMOPRSTX 


The lowercase s represents the sentinel key. 


Figure 1. 
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partition 


repeat on left 


ments will now be in their correct posi- 
tions in the partition. If the pointers are 
equal, then this operation simply ex- 
changes an element with itself. 

It is faster to do an occasional unnec- 
essary exchange than to test for pointer 
crossing. The final exchange swaps the 
pivot with the element pointed to by the 
right-moving pointer and places the pivot 
in its correct position in the array. If this 
procedure is confusing, note that when 
the outer Repeat is exited, the value of 
Temp is Key/i]. 

We now have two partitions separated 
by the pivot. Quicksort is called on the 
left partition and the process is repeated. 
The recursion nesting level will continue 
until the size of the left-most partition is 
one.or zero. At this point, the entry test 
(If r > 1) fails, the recursion stack is 
popped, and the second call to Quicksort 
is executed. The process continues until 
the right-most partition is sorted. An ex- 
ample of the scan-partition process is a 
shown in Figure 1. 

In the process of resolving (sorting) 
the left-most partition, many other parti- 
tions have been created but not resolved. 
We can think of these partitions as 
queued. In the recursive implementation 
of Quicksort, the queue of partitions is 
maintained by recursively calling Quick- 
sort on the left-most partition. When the 
left-most partition is resolved, the recur- 
sion stack is popped, the second left-most 
partition is processed, and so on. 

When the recursion stack eventually is 
depleted, the original right partition is 
processed (note the second call to Quick- 
sort in Listing 1). The average depth of 
recursion is about 20 for a large, random 
array but can extend to N—1 for worst- 
case conditions (the worst case for our 
pivot selection process is a presorted 
array). 


Iterative Quicksort 

It should be evident from this analysis 

that the only reason for recursion is to 

maintain the queue of unresolved right 

partitions. A simple method for mairi- 

taining the queue is to utilize a stack. 
As each partition is segmented, the in- 


Procedure IterativeQuickSort(Var Key : SortArray; 1,r Integer); 


Type 
Stack : Array[%..30] of Integer; 
Var 
RightStack, Leftstack : Stack; 
StackPointer 3: Integer; 
dices of the right-most and left-most ele- L5 : Integer; 
ments of one of the newly formed Pivot, Temp : KeyType; 
partitions are pushed onto the stack. 
When the current partition is resolved, Begin 
the left and right indexes of the next par- { Initialize StackPointer } 
tition to be resolved are popped off the StackPointer:=1; 
stack. Repeat 


If r > Succ(1) Then 
{ Partition size is 3 or greater } 
Begin 


{ Initialize for scan-exchange } 


A simple integer stack can be imple- 
mented in many ways; the exact tech- 
nique is a function of the implementation 


language and programmer preference. Pivot:=Key[r]; i:=Pred(1); 3:=r; 

Link list structures may be used in lan- { Scan-exchange routine } 

guages that support pointers and dynam- Repeat 

ic memory allocation (Pascal and C, for Repeat i:=Succ(i); Until KeyLi] >= Pivot; 

example). A simple integer array may be Repeat j:=Pred(j); Until Keylj] <= Pivot; 

used in virtually any language. Temp:=Keylil; Keylij:=Key[j]; Keylj]:=Temp; 
We used an integer array structure in Until j <= i; 

this instance because this technique is { Undo possible extra swap and position Pivot } 

available in nearly any implementation Key[j]:=KeyliJ; Keyli]:=Key[r]; Key[r]:= Temp; 

language and tends to execute most rap- If (i-1) > (r-i) Then ‘4 

idly due to low overhead. Though the ex- Bae partition is largest } 


ample we present is implemented in 
Turbo Pascal, it may easily be transport- 
ed to BASIC, FORTRAN, C, and so 
forth (no pun intended). 


{ Push indices of left partition } 

LeftStack[StackPointer]:=1 a 
RightStack[StackPointer]:=Pred(i); 

{ Reset 1, r is correct } 


The major problem with using arrays i:=Suec(i); 
is that they are not dynamic structures in End 
most computer languages. Hence the Flee 
maximum size of the array must be pre- { Right partition is largest } 
determined. A straightforward iterative Begin 
adaptation of Quicksort would lead to a { Push indices of right partition } 
real problem since a worst-case data con- LeftStack[StackPointer ]:=Succ(i); 
dition leads to N—1 recursion levels. RightStack[StackPointer ]:=r; 
Fortunately, it is easy to circumvent { Reset r, 1 is correct } 

this problem. Rather than processing the r:=Pred(i); 

’ partitions from left to right, we will al- End; 


a 
{ Increment StackPointer for next push } 


ways process the smaller of the two sub- 
ees d a as StackPointer :=Succ(StackPointer) ; 


partitions formed in the scan-exchange 


routine and push the indexes of the larg- ae: 
er partition on the stack. { Partition size is less than 3 } 
With some thought, it is apparent that Begin 
each partition pushed on the stack is at If r > 1 Then If Key[r] < Key[1] Then 
least half as large as the parent partition. 
Thus the maximum number of stack lev- { Partition size is 2 and elements are reversed } 
els needed will be about log base 2 of NV. Begin 
A short calculation will show that a { Exchange reversed elements } 
stack depth of 30 will allow a worst-case ae Key Teste ie) ote rare 
processing of about 1 billion elements. f Boe ee! EE ae er ee eke ese | 
A few refinements are worth imple- Rie SRR Sheree oe ee 
menting for the sake of increasing execu- 1:=LeftStack[StackPointer]; : 
tion speed. The first is the use of a r:=RightStack[StackPointer]; 
separate stack for the left and right indi- End; 
ces, thus avoiding the need for an extra Until StackPointer = 9; { No more partitions } 
increment or decrement of the stack End; 
pointer during a push or pop operation. 
Listing 2. 
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#1 Lint for MS-DOS 


ae ee 
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—— 


The professional 
diagnostic facility for C 


PC-lint lets you zap swarms of C 
bugs and glitches at a time. 


Now you can uncover the quirks, 
inconsistencies, and subtle errors 
that infest-your C programs... 
waiting to bite you. PC-lint finds 
them all... or as many as you 
want... in one pass. Set PC-lint 
to match your own style. 


Outperforms any lint at any price 


a Full K&R support and 
common ANSI enhancements 
(even MS keywords) 

a Finds inconsistencies 
(especially in function calls 
across multiple modules!) 

= Modifiable library descriptions 
for 8 popular compilers ’ 

= Super fast, one-pass operation | 

= Suppress any error message { 
® Zillions of options 


i PRICE $139 » MC VISA» COD 


'§| ORDER TODAY, 
30-day guarantee 


' Runs under MS-DOS 2.0 and up, and } 
| AmigaDOS. Uses all available memory. |j 


j i 


Trademarks: PC-lint (Gimpel Software). 
et MS, MS-DOS (Microsoft), Amiga (Commodore) 


i OIMPEL SOFTWARE 
i 3207 Hogarth Lane, 
Collegeville, PA 19426 
oe (215) 584-4261 


Second, we will not Quicksort any par- 
tition with a size less than three. It is 
more efficient simply to examine parti- 
tions of size two and exchange the ele- 
ments if they are out of order. 

It should also be noted that Succ and 
Pred are used throughout to increment 
and decrement integers. This is because 
the Turbo compiler generates INC and 
DEC instructions, which are faster than 
the ADD and SUB instructions generat- 
ed by statements such as i:=i+/ and 
ES. 

The iterative implementation of 
Quicksort is presented in Listing 2. Two 
stacks containing 31 elements each are 
declared. The arrays start with an index 
of zero to avoid an “array out of bound” 
error when the sort is terminated. The 
variable StackPointer is used to track the 
current position in the stacks and is ini- 
tialized to 1. The main body of the pro- 
gram is controlled by the first Repeat 
statement. 

The Quicksort section of the routine is 
entered if the current partition size is 
greater than two (as determined by the 
statement If r > Succ(l)). The scan- 
exchange section is identical to that of 
the recursive Quicksort of Listing 1. 

Upon completion of the scan-exchange 
section, the statement If (i—/) > (r—i) 
Then determines which subpartition is 
largest. If the test passes, the left parti- 
tion is largest. The three lines of code be- 
tween the Begin and End statements 
push the boundaries of the subpartition 
on the stack and reset /, the left pointer. 
The right pointer, 7, is correct without 
change. 

If the test fails, the right partition is 
larger and the code of the Else clause is 
entered. This section pushes the right 
partition and resets the right pointer. In 
this case, the left pointer will be correct 
without change. Following the /f test, 

StackPointer is incremented in anticipa- 
tion of the next push operation. 

If the entering partition size is two or 
less (as determined by the test [fr > 
Succ(l)), then the Else clause is execut- 
ed. If the partition size is two, the first [f 
test (If r > 1) passes. Upon entry to this 
code, if the two elements are out of or- 
der, they are exchanged. The next parti- 
tion indexes are then popped off the 
stacks. When StackPointer is decrement- 
ed to zero, invalid data is popped from 
the stacks; however, this data is not used 
since the sort is terminated by the Until 
StackPointer = 0 statement. 


Comparing algorithms 

The decision of whether to use an itera- 
tive or recursive version of Quicksort is a 
function of the implementation language 
and the compiler’s efficiency. If the im- 
plementation language does not support 


recursion, then an iterative version must 
be implemented. 

Even though examples here are in Pas- 
cal (for the sake of clarity), it is a rather 
simple matter to implement the basic in- 
teger stack operations of push and pop in 
virtually any language. Hence, iterative 
Quicksort is easily realized in nonrecur- 
sive languages such as FORTRAN and 
BASIC. The performance gain over algo- 
rithms such as the shell sort more than 
warrants the small development time. 

Even when recursion is available, it 
may be advantageous to implement the 
iterative version. The overhead in main- 
taining the integer stack is less than that 
required for the recursion stack. Thus 
the iterative version is typically both fas- 
ter and more memory efficient than the 
recursive version. 

The programs in Listings 1 and 2 were 
executed on a Zenith Z-120 microcom- 
puter using identical arrays of 8,000 ele- 
ments, each consisting of three random 
characters. The average sort times were 
50.49 seconds for iterative Quicksort and 
52.14 seconds for the recursive version. 

It should be noted that recursive 
Quicksort requires dynamic memory al- 
location. Generally, the amount of mem- 
ory required is unknown. The worst-case 
memory requirement will be N—1 recur- 
sion levels. The iterative version, on the 
other hand, has a constant memory re- 
quirement that is quite small. 


Nonrecursive is faster 

A nonrecursive version of Quicksort 
makes this very popular sorting algo- 
rithm available to nonrecursive lan- 
guages. It can also result in faster, more 
compact execution of the sort. 

The worst-case performance for pre- 
sorted arrays is due to the nonintelligent 
pivot selection technique. A more sophis- 
ticated pivot selection method will reduce 
the probability of worst-case encounters 
to virtually zero. Modifying the pivot se- 
lection method can also remove the need 
of the sentinel key. | 
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Wendin. PONX: Operating System Shell -. .°.5. . « . «Ss se en ae yi =: ck a So OTTO) 
Wendin PCVMS Operating System Shell. .. ............204. Sonia, 2: ae ETO 
Wendin Operating System Construction Kit .............4.. eh Ls, ae eT! 
EZ_ASM (assembly language macros bridging Cand MASM)........ ye ae ee eo 
Multi-User BBS (chat, mail, menus, sysop displays; uses Galacticomm modem ee Ptewoe ioe SO) 
Make (macros, all languages, built-inrules) ............. si Range te 4, RD 
Vector-to-Raster Conversion (stroke letters & Tektronix 4010 codes to iaieaenal a ee a ee) 
Coder’s Prolog (inference engine for use with C programs) ....... nore CE Oe 
PC/MPX (light-weight process manager; includes preemption and oeseniitte packages) etek ys eee 
Biggerstaff’s System Tools (multi-tasking window manager kit) ......... a) BLE a aoe tee AO) 
TELE Kernel (Ken Berry’s multi-tasking kernel) . . ..........04. cy) RE OO) 
TELE Windows (Ken Berry’s window package)... . .-. 2 2.2 2 ee ee eee Sa? SUES 
Clisp (Lisp interpreter with extensive internals doousnendation) eEiiiss: CAC Aer EOE Se Reriaress so 
Translate Rules to C (YACC-like function generator for rule-based systems) ....... Ppa ne BOO 
6-Pack of Editors (six public domain editors for use, study & hacking). ......... ME ase) 
ICON (string and list processing language, Version 6 and update)... . . 2... 1. 1 ee ee $25 
LX. (lexicalbawalyzer generator) ess. 2 ee et ee Sphinn he Sy Ae 
Bison & PREP (YACC workalike parser generator & attribute grammar preprocessor) ee OE Gas Mod ee 
C Compiler Torture Test (checks a C compiler against K&R) ......... Sh ee Re. eee OOO 
PKG ((task+te-taskiprotocollpackage)ec) «tile « «= SAMMI. wc ek 2 ae a 
AGO 6S000ienoss-aseetiblen)> 2-0 e act we id eh ana We AG eee se cel ah A mse, dace ots <n 2620 
Small-C (C subset compiler for 8080 and 8088) ............0. 2.008 seas Sip tee 
tiny-c (C subsubset interpreter including the tiny-c shell) . .............000. a. $20 
Xlisp 1.5a (Lisp interpreter including tiny-Prologin Lisp) ............000 00004 $20 
List-Pac (C functions for lists, stacks, and queues) ..... 2... 0... ee ues Ra tamerdc P40) 
XLT Macro Processor (general purpose text translator) .............4.. en Ser 10) 
C Tools (exception macros, we, pp, roff, grep, printf, hash, declare, banner, Pascal-to-C) . . . . . . $15 
Data 

DNA Sequences (GenBank 48.0 of 10,913 sequences with fast similarity search program)... . . $150 
Protein Sequences (5,415 sequences, 1,302,966 residuals, with similarity search program) . . . . . . $60 
Webster’s Second Dictionary (234,932 sence) FP Gr oh, 5" eae ee eee eer «> 800 
U. S. Cities (names & longitude/latitude of 32,000 U.S. cities and 6,000 state boundary polite) Lee ear S36 
The World Digitized (100,000 longitude Natiiade of world country ewidanes) RE ee ae 
KST Fonts (13,200 characters in 139 mixed fonts: specify TeX or Bian POGUNAL) "2. a0 (s,s oT.» 7880 
NBS Hershey Fonts (1,377 stroke characters in 14 fonts)... 1... 2... ee ee eee . «= SI5 
U.S, Map (15,701 pointsief.state boundaries)... . % so 2 «9G = eee a $15 

The Austin Code Works 
11100 Leafwood Lane 
Austin, Tezas USA 78750-8409 
(512) 258-0785 
FidoNet 388/12 

Free surface shipping on prepaid orders MasterCard/VISA 
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PUBLIC DOMAIN SOFTWARE REVIEW 


s artificial intel- 
ligence becomes 
increasingly 


prevalent in the computer industry, it is 
not surprising to see an increase in avail- 
able software in the field. One of the 
more popular areas of AI is expert sys- 
tems. An expert system is primarily com- 
posed of two parts: a knowledge base and 
an inference engine. 

For those not familiar with current AI 
vocabulary, an inference engine (also 
called a rule interpreter) is designed to 
examine facts in the program’s memory 
or data base and rules in its rule base 
and then determine which rules are to be 
used in what order to arrive at a logical 
conclusion. 

Some inference engines take a for- 
ward-reasoning approach, where rules 
are used to arrive at a specific conclusion 
(if possible). If backward reasoning is 
used, the inference engine assumes one 
conclusion and tries to support that con- 
clusion from its rules and facts. If it fails, 
it assumes another conclusion. 

An inference engine is composed of 
two parts: the inference component, 
which examines rules and facts, and the 
control component, which determines the 
order of inferencing. The trick with in- 
ference engines is to thoroughly integrate 
both components without wasting a lot of 
space; to be fast, inference engines 
should be small and tight. 

The inference component uses modus 
ponens, which states: “If A is known to 
be true, and a rule exists that says ‘If A, 
then B,’ then B is true.” All rules in an 
inference engine are phrased as 
IF...THEN statements. Using these and 
modus ponens premises can be followed 
through to logical conclusions. 

When the first-order logic approach is 
applied to inference engines, information 
is incomplete or inconclusive. If the rules 
have some degree of applicability, per- 
centages for conclusions can be derived. 
This capability gives rise to the term “in- 
ference;” a rule system may not provide 
every fact applicable to a subject, but 
with a fraction of the knowledge, it can 


Inference engines, 


accounting, and C conversion 
tC “sr 


By Tim Parker 


predict a conclusion (or conclusions) with 
a percentage of certainty. 

Rules in inference engines usually 
have a certainty or percentage of truth 
associated with them, which allows the 
inference engine to determine the appli- 
cability of its conclusions. An inference 
engine answers queries from the system 
based on the rules. 

A relatively new public domain expert 
system release is a system called ARTIE, 
designed as a generic inference engine 
and written by Dan Cheatham. ARTIE 
is available on many bulletin boards or 
from the C User’s Group (Box 97, 
McPherson, Kan. 67460) as CUG vol. 
226. The program was written in MIX C 
for MS-DOS machines and can (from 
the appearance of the code) be easily 
adapted to run under any C compiler. I 
used v. 1.3 for this column. 


The trick with 
inference engines is to 
integrate the 
inference and control 
components without 
wasting a lot of space 


ARTIE is written entirely in C, and 
the source code is provided. It has been 
logically divided into four routines for 
ease of maintenance and programming. 
The first contains the primary input and 
the parsing routines for the input. The 
others contain the disk I/O functions 
and predicate management, query rou- 
tines, and command routine functions, 
respectively. 

When called, the program displays a 
main menu that uses mnemonics to call 
the various commands. Some of the com- 
mands activate the inference engine. For 
example, when loading a file (by pressing 
L), type in the first few letters of the file 
name and ARTIE will examine the disk 
for all matchés, similar to wild card 
DOS commands. 

ARTIE’s rules are input in a strict JF 
<subject> THEN <predicate> for- 
mat, with an 80-character limit and no 
punctuation. (This format is easy to 
change in the source code, if necessary.) 


With each added rule, ARTIE attempts 
a data base search for similar subjects or 
predicates. If a similar one is found, the 
program allows the user to enter new 
percentages for the old rule. If space is 
available in the data base, the new rule is 
added. The number of rules that can be 
handled are set by a user-definable 
variable. 

ARTIE allows both forward and re- 
verse percentages to be used. This dual 
usage is best illustrated by an example 
from ARTIE’s documentation file. If 
50% of all humans are female, then the 
rule “If human then female” has a for- 
ward percentage of 50. A reverse per- 
centage reads the statement backward 
(“If female then human”), which has a 
reverse percentage of 100. 

ARTIE does not recognize lowercase 
letters. The author apparently decided 
that for speed and code size it was better 
to allow uppercase input only. 

Queries to ARTIE are made in three Sa 
forms: simple, two-element, and thinking. 
Simple queries request all rules concern- 
ing one data base subject and list those 
that match as either subject or predicate. 
No inference is conducted with a simple 
query. Both forward and reverse rules are 
reported, although anything with a possi- 
bility less than zero (impossible rule) is 
ignored. Subject or predicate match is 
syntactic: the parser looks for exact 
matches. 

A two-element query is used to deter- 
mine if a rule posed to ARTIE is true. If 
the exact input matches a rule in the 
data base, the match is reported and the 
process ends. If no exact match exists, all 
rules with the same subject or predicate 
are reported, along with any chained 
rules that may be useful in drawing a 
conclusion. Percentages are reported, as 
are all applicable calculations. 

ARTIE has a nice feature in its chain 
reporting that allows the user to override 
the rule base at any point in the chain 
and add new information to reach a 
conclusion. 

With two-element queries, incomplete 
or inconclusive rules can be used, result-: 


ing in a series of probabilities or certain- 


ties being presented with the rules that 
lead to them. This process gets out of 
hand at times, as the inference engine 


may begin linking in rules that are faint- 
ly connected to the subject or predicate. 


A user-definable variable allows the 


number of assumptions within a chain to 


be specified. 


The thinking mode of ARTIE is simi- 


lar to the two-element query but more 
automated. Every data base subject is 
chained to the other subjects, with AR- 
TIE eliminating all impossibilities that 


rules to a user-specified thinking depth 
and presents the results. 

ARTIE has a number of powerful 
commands. A subject change is possible 
with a single command that does not 
change the rules or their percentages. 
Default percentages can be specified, al- 
though they can be overruled by the user. 
A number of data base functions for sav- 
ing, printing, displaying, and editing are 
available. 

ARTIE comes with the source code, a 
number of header files, a few help sum- 
mary files, a brief documentation file, 
and the executable version. The libraries 


arise. From there, ARTIE chains the 


Now COBOL Programmers Can Do Formatted 
Screens Quickly and Easily - with SCREENIO. 


SCREENIO is the Screen Manager for Realia™ COBOL. 


SCREENIO is a high-performance, COBOL-specific screen manager for the Personal Computer and compatibles. It’s power- 
ful, offers an impressive array of features, yet is easy to use. SCREENIO was written by experienced COBOL professionals 
and represents a truly COBOL approach to screen management on the PC. 


Design and Revise Screens Painlessly With Our Panel Editor. 


Use our interactive Panel Editor Facility to design your screens with a What-You-See-Is-What'You-Get approach. You can 
easily modify and experiment with screen layouts. Type titles and descriptive information on the screen, draw lines and 
boxes using the cursor movement keys, and paint the colors you want using the cursor keys or block functions. Use all 
256 color combinations on your screens. 


Define your data fields in COBOL terms; use your own data name, PICTURE and VALUE clauses. Specify the field type 
(various alpha and numeric types, hex, etc.), valid entries for the field (if you want SCREENIO to edit your data for you), 
and various other items. The Panel Editor will produce a copybook that contains this information, Panel revisions rarely 
mean changing your source code. 


Programming for SCREENIO is Easy. 


You can aisslay your screen and accept data with as few as two statements; a COPY panelname in your WORKING-STORAGE 
SECTION, and a CALL SCREENIO statement in the PROCEDURE DIVISION. SCREENIO is linked with your applica- 
tion just as any other COBOL subroutine would be. 


SCREENIO takes care of tabbing, data validation, and other functions expected of a good screen manager. When we return 
to your COBOL program, the data from the user fields on the screen is in your variables. 


Yes, we've always done windows. SCREENIO supports Edit Masks, Automatic Error Detection and Editing, High Speed 
Video, Hot-Fields, Key Redefinition, Foreign Language Capability, Custom Tabbing Order, Color Control at Runtime, PC 
Speaker Control, and much, much more. A BMS Mapset Import is available. Most programmers are amazed at how easy 
it is to build flashy applications using SCREENIO and COBOL. 


Our Support is Outstanding. 


We provide superb telephone support. Upgrades are distributed to licensed users automatically for the first year. There are 
no Runtime Fees - the code you develop is yours to distribute freely. 


2S. 
we 


Call us to discuss your application. Get a feel for the kind of quality support we provide. 


We'll Send You a Free Demonstration Diskette. 


This limited version of our Panel Editor shows how. you design panels. Because it’s written with COBOL and SCREENIQ 
it also shows the kind of features and performance you can expect in your applications. 


SCREENIO 2.1 is only $400 plus shipping. Save $100 - order SCREENIO and Realia COBOL from 
us. We also offer packages with Kedit, a great programming editor. Ask about our other 
programming tools, too. 


Not satisfied with FORMS'"? Ask about SCREENIO for Micro Focus"COBOL. 
In a hurry? Most orders are delivered within 24 hours! 


- Amex MC Visa Check - 


all contained 15 files. The documentation 
is short and comprehensive. A brief de- 
scription of rule selection is also 
included. 

The compiled version worked as it 
should have, although I found it a touch 
slower than commercial inference en- 
gines. Having the source code available 
allows you to customize the inference en- 
gine to your needs or tailor a single- 
subject inference system for a client. 

VT 

remember when 


— 
EEL | H Ht CP/M was the 


rage, 64K of RAM was all you needed, 
and BDS Software’s BDS C was about 
the only C compiler in common use (oth- 
ers were available but were much more 
expensive). Then along came MS-DOS, 
and all those C program had to be re- 
compiled and converted to work again. 

For anyone who started in MS-DOS 
and didn’t have a library of routines 
built in CP/M, this was no big deal. But 
for those of us who spent years building 
a BDS library, the crossover was a bit of 
a headache. Furthermore, user groups’ 
material may come from a CP/M back- 
ground, and the C material is just as rel- 
evant now as it was then. To complicate 
the issue, BDS C (before v. 1.6) was 
about as nonstandard as it could possibly 
be and still be C. A BDS CP/M-to- 
MS-DOS program in C that noted pro- 
spective trouble spots would be really 
useful. 

David C. Clark has helped solve this 
problem with a program called BDS- 
MARK. Clark determined that prever- 
sion-1.6 BDS has nine functions not im- 
plemented in Brian Kernighan & Dennis 
Ritchie’s (The C Programming Lan- 
guage) method and others not consistent 
with modern C usage: creat, exit, fgets, 
fopen, getc, getchar, putc, puts, read, to- 
lower toupper, and write. 

BDSMARK reads a BDS C program 
and writes a converted version to its out- 
put. If the parser encounters a legal C 
identifier (other than in comments) that 
matches any of the functions just listed, 
the identifier is marked with a double 
caret. This prevents compilation of the 
code, as the compiler will crash on the 
carets. Comments are ignored by the 
program, except for strange constructs 
such as nested comments. 

The supplied source code for 
BDSMARK is interesting to run as a 


ome of you will 


test of the parser. Having the source code 
allows modifications. If a target of a spe- 
cific compiler is established, replacement 
code for the errant BDS code can be 
dropped in as necessary. . 
Naturally, this will require some intri- 
cate handling for the weird and wonder- 
ful constructs that can be created in C. 


INI Oo RCON 


Northern Computing Consultants 
RO. Box 020897 © Juneau, Alaska 9980: 
(907) 780-6464 © TELEX 510 601 4951 (Norcom 
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The source code compiled easily enough 
with some MS-DOS compilers and re- 
quired only minor modifications with 
others. (Under CP/M, Aztec C compiled 
smoothly.) The source code reflects 
Clark’s approach to the process. For ex- 
ample, he uses fputs and putcs instead of 
the printf function. The reason for this 
seems to be that the printf function 
would increase the program size by 


about 10K because of the floating-point 


and long-integer routines needed with 
printf. Also, Clark uses local variables 
declared as the static storage class to re- 
duce compiled program size. (Both of 
these points are discussed in the 
documentation.) 

BDSMARK is supplied with a docu- 
mentation file that provides a brief over- 
view of the package and explains the 
differences between the BDS C nonstan- 
dard commands and the Kernighan and 
Ritchie commands. The program is usu- 
ally found in the archive file 
BDSMARK.ARC and includes a .COM 
file. 

BDS.MARK can be obtained from 
David C. Clark, 507 N. Division St., 
Bristol, Ind. 46507. 


oincidences are 
always interest- 
Susscccocusoseaseces ing, especially 


when they result in improvement. I had 
been stalling my accountant, who was 
preparing my corporate tax return, with 
the excuse that I was organizing a few 
things. My promises to organize were 
based on the assumption that at any giv- 
en weekend I’d sit down with the $3,000 
accounting system I bought about three 
years ago, begin a ledger, and, using 
check stubs and deposit slips, recreate 
my entire company’s financial history 
(preferably in a couple of hours). 

The weekend never came because ev- 
ery time I loaded the accounting system, 
read the manuals to see how to set up 
the accounts, and decided on an ap- 
proach, I had some other project to do. 
Just as my accountant was getting rather 
insistent, I received a package called 
BANKS. I read the few pages of docu- 
mentation and experimented with my 
personal checkbook. 

Written by D.G. Gilbert and distribut- 
ed through dogStar Software (Box 302, 
Bloomington, Ind. 47402) BANKS is a 
shareware package with a requested $15 
donation if the program is deemed use- 
ful. BANKS looks like the check register 
included with preprinted checks from the 
bank except for a major enhancement: 
the ability to use different ledgers within 
the samé book. This feature is useful for 
separating business from personal, tax- 
able from nontaxable, one company 
branch from another, etc. BANKS was 


written in Turbo Pascal, and source code 
is available from the author. 

BANKS is simple to use. Like a check 
register, the screen displays a line for the 
check number, date (defaulted to system 
date), transaction code, ledger key, 
amount, and memo field. The transac- 
tions supported with single-letter codes 
are checks, service charges, ledger bal- 
ance, withdrawals, deposits, and interest. 
The ledger key can be any of several 
dozen letters or ASCII symbols. 

A main menu allows new transactions 
to be entered, edited, or deleted and re- 
stored, and other transactions can be 


sorted and printed. There are several oth- 
er menu options. On-line help is avail- 
able, as is a built-in calculator. Colors 
can be changed, as can other system pa- 
rameters such as date display format. 
Several files can be maintained and 
called as required. 

BANKS worked perfectly for me. For 
anyone looking for a relatively simple yet 
effective check manager, BANKS is the 
best I have seen to date. JF 


Tim Parker is a systems programmer in 
Ontario, Canada, who also writes for 
several technical magazines. 
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WITH REALIA, BE PREPARED FOR A FEW 
CHANGES IN YOUR PROGRAMMING STAFF 


Give your applications developers Realia COBOL. Then stand back. 


Realia COBOL brings the power of the mainframe right to your PC. You'll 
start saving time, money, and resources, whether you're maintaining an old 


system or creating a new one. 


Realia COBOL offers the quickest compilation and the biggest file capacity of 
any PC compiler. 10,000 lines compile in 76 seconds. 10,000 records sort in 
43 seconds. Best of all, Realia-compiled programs execute faster than any 
other PC compiler’s. With RealCICS®, you can even handle online CICS programs. 


At Realia, we also offer you something that has become a bit of a 
contradiction in terms: genuine support for a micro software product. 


Realia COBOL—when time is of the essence. 


REALIA 


10 South Riverside Plaza, Chicago, IL 60606 « (312) 346-0642 « Telex 332979 
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MICROWAY ACCELERATES YOUR PC! 


FastCACHE-286™ 
Runs your PC Faster than an AT! 
Runs the 80286 at 9 or 12 MHz and the 
80287 at 8, 9 or 12 MHz. Includes 8 
kbytes of 55ns CACHE. 


Compatible with IBM PC, XT, Leading 
Edge Model D, Compaq, and Turbo 
motherboards. Includes 8088 Reboot 
Switch, DCache, Print Spooler and 
Diagnostics .............. From $399 


8087 SOFTWARE 


87MACRO/DEBUG............. 
MICROSOFT FORTRAN V4 ..... $299 


MS or LATTICE C .............. CALL 
STSC APLX&PLUS/PC .......... $450 
STSC STATGRAPHICS .......... 


OBUSASM) Famers: eer $200 
PHOENIX PRODUCTS ......... 


Turns your AT into a high speed, multi-user 
Xenix business system! 


8 port, intelligent serial controller with 3% 
response degradation. Includes 8 MHz 
80186 with builtin DMA........ $1299 


LOTUS/INTEL EMS 
SPECIFICATION BOARDS 
MegaPage™ The only EMS board which 
comes populated with two megabytes of 
cool-running, low power drain CMOS 
RAM installed. Includes RAM disk, print 
spooler, disk cache and EMS drivers. For 
the IBM PC, XT and compatibles. . .$549 
MegaPage with OK ............ $149 
MegaPage with 2 megabytes of HMOS 
RAIA eee acne tong ices sate oS $419 
MegaPage AT/ECC™ EMS card for the 
PC AT and compatibles includes Error 
Correction Circuitry. With ECC, 11 RAM 
chips cover 256K so the user never en- 
counters RAM-errors. With 1 megabyte 
EMOSIRAM Ec cmsicec fas saree $699 
INTEL, JRAM, or Maynard ....CALL 
INTEL INBOARD 386 OK ..... $1250 


287 Turbo™-10/12 


software compatibility. 


PC Magazine “Editor’s Choice” 


MICROWAY SOFTWARE 
FOR LOTUS 1-2-3" 


PowerDialer® Add-In for Lotus 1-2-3 
Release 2. Automated telephone dialing 
from within 1-2-3. Adds least cost routing, 
automatic carrier selection and automated 
phone book worksheet. Builds cus- 
tomized dialing applications. Can be used 
with DesqVieW.......-.62. 0.000 $79 
FASTBREAK™ employs the 8087 to in- 
crease the speed of Lotus 1-2-3™ Version 
1A or 1A*. Users are reporting speed ups 
of between 3 and 36 to 1. When run with 
our NUMBER SMASHER accelerator 
card, recalculation speed ups of 10 to 30 
are being reported ............... $79 
HOTLINK™ adds easy linking of spread- 
sheets to Lotus 1-2-3 Version 1A... .$99 


_ 287Turboruns the 80287 at 
me 100r12MHzintheIBM PC 
4 AT, compatibles and the 
» new Compaq 386 with 100% 


NUMBER 
SMASHER/ECM™ 


Triples the speed of CAE 
and all applications! 


From 


$599 


12 MHz 
8086/8087 
Accelerator 
Plus 
A Megabyte for DOS! 
For the IBM PC, XT and compatibles 
PC Magazine “‘Editor’s Choice” 


8087 UPGRADES 
All MicroWay 8087s include a one year 
warranty, complete MicroWay Test 

Program and installation instructions. 


80287-6 6 MHz............... $179 


For 8 MHz AT and compatibles 

80287-8 8 MHz............... $259 
For the 8 MHz 80286 accelerator cards 
80287-10 10 MHz............ $395 


64K 150ns ..... $15 256K 150ns..... $36 
Call for great prices on V20 & V30 


287 TURBO-PLUS™ 
Speeds up your AT 
Adjustable 80286 Clock 6-12 MHz 
10 MHz 80287 Clock 
Plus Full Hardware Reset ........ $149 
Optional 80286-10 ...... $175 


287 TURBO-PLUS 
With 80287 10 MHz ............ $549 
With 80287 12 MZ aie pas 2 $629 


CALL (617) 746-7341 FOR OUR COMPLETE CATALOG ; 


Micro P.O. Box 79 


Kingston, Mass. 


The World Leader 
in 8087 Support! 


MicroWay Europe 

32 High Street 
Kingston-Upon-Thames 
Surrey England KT1 1HL 
Telephone: 01-541-5466 


Wa 02364 USA 
4 (617) 746-7341 
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omputer users 
like to personal- 
ize their soft- 


ware. They like to author macros, tailor 
screens, modify prompts, even fill their 
function keys with Kilroy-like doodles. 
Users love to carve their initials in the 
programs they buy. 

In a data management package auth- 
ored by human-interface maven Jeff 
Garbers, there’s an option whereby the 
user can post his or her name on the pro- 
gram’s status line. “The information is 
totally useless,” says Garbers. “You're 
the one looking at the screen, you know 
who you are, right? Yet everyone I’ve 
ever seen run the program has their 
name up on the status line.” Garbers 
compares this labeling of one’s software 
to sticking a name tag on your lapel or 
posting a sign with your title on your 
desk. “It’s a degree of personalization.” 

Garbers thinks a lot about what makes 
software comfortable to use. Not just 
comfortable in the sense of assigning 
functions to the most logical finger com- 
binations on the keyboard or in the user- 
friendly tradition of making the program 
self-explanatory enough for the computer 
greenhorn to use without first flipping its 
manual pages ragged. But accommodat- 
ing in the sense of framing it to the way 
people internalize concepts and perform 
tasks, master skills (and occasionally for- 
get things), crave gratification, and har- 
' bor an abiding need to wield mastery 
over their environment. In other words, 
shaping a program’s interface as closely 
as possible to the breccia of the human 
psyche. 

“What we need is not so much a com- 
puter that pretends it’s a person,” says 
Garbers, “but interfaces between people 
and computers that let the computer do 
what it does best and the person do what 
he or she does best, with a mininum of 
static in between.” , 

When it comes to software interfaces 
found on the market today, Garbers (not 
surprisingly) has a blue book of peeves, 
from programs that beep too much to the 
murky argot of operating systems. “The 
people that write operating systems never 
talk to humans,” he glibly observes. 


Jeff Garbers 


and the ergonomics of software 


By Judy Getts 


Garbers has become something of an 
oracle on the subject of software ergono- 
mics. He is known for his authorship of 
the PC communications package Cross- 
talk XVI, a program whose sleek and in- 
novative user interface has allowed it to 
ride the top of the Softsel corporate best- 
seller list for nearly four years now. 

Garbers is a frequent guest speaker at 
users group meetings and other industry 
affairs where, he says, “I try to enlighten 
people on what to do or look for in soft- 
ware from a usability standpoint. I stomp 
back and forth on the stage and wave my 
arms a lot, and IJ usually get the point 
across.” Ironically, he hasn’t always felt 
such affinity to the human-factors side of 
software design. 

Garbers’ discovery of the user inter- 
faces field came while he was pursuing a 
doctorate in computer science at Georgia 
Institute of Technology, Atlanta, Ga. 


“What we need is not 
a computer that 
pretends it’s a person, 
but interfaces that let 
both computers and 
people do what they 
do best.” 


One morning, while killing time before 
his first class, he happened to sit in on a 
lecture by human-factors guru Dr. Al- 
bert Badre. He recalls, “My first reac- 
tion to all this stuff I was hearing was 
“Yeah, right. Look, if you want to use a 
computer, learn how to use the damn 
computer, OK? Don’t give me all this 
garbage about how I ought to have 
menu-driven friends.”” 

But his own dabbling in the study of 
psychology led Garbers to think twice 
about Badre’s notions. Before long, he 
had chosen the topic of human factors in 
the engineering of computer systems for 
his thesis, and he and Badre had formed 
a software company. Their product Info- 
scope, a data base program with a 
unique transitional interface that could 
adapt itself to the ebb and flow of a us- 
er’s expertise, was critically hailed but 
less than successful in the market. 

Around that time, Garbers (who was 
also moonlighting as a bulletin board 
system operator) latched up with another 
local sysop, Les Freed. Freed was one of 
the founders of Microstuf Corp., where 
he ran the technical support BBS. He 
doctored Garbers’ fritzed Televideo ter- 
minal, and Garbers helped Freed get Mi- 
crostuf’s CP/M Crosstalk program 
running on the Victor 9000. 

Before long, both were working on a 
rewrite of the CP/M Crosstalk program 
for the IBM PC, a global revision that 
incorporated Garbers’ and Badre’s ideas 
on software usability. At last count, the 
program had sold over half a million 
copies. Its user interface also provoked a 
legal fray when SoftKlone Distributing 
Corp. of Tallahassee, Fla., copied it al- 
most screen for screen in that company’s 
Mirror communications program. (The 
judge decided in favor of SoftKlone.) 


arbers is a bear- 
sized man with 
an untiring wit 


and an acid frankness. As he talks, he 
lies sprawled on the couch in his office at 
DCA/Crosstalk Communications (for- 
merly Microstuf), clad in suit and tie, his 
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stocking feet dangling over the arm of 
the couch. He’s cannon-voiced, opinionat- 
ed, and, at age 28, the vice president of 
research and development for a promi- 
nent software house. 

In addition to his gift for trenchancy, 
Garbers has a whimsical mind. He points 
to a plush aardvark sitting beside his 
computer as an example of a computer 
user personalizing his electronic milieu. 
He describes software features in terms 
of whether they’re “warm and fuzzy 
things for people to do.” Scattered 
around the office are matchbox cars and 
toy soldiers. At one point he gets up to 


take a phone call from his mom, counsel- 
ing her on the computer course she’s 
taking: 

Garbers believes developers often fail 
to take into account the satisfaction com- 
puter users get from personalizing their 
computing environment. This satisfaction 
is obvious when users choose to emblazon 
their name on the screen in the data base 
program Infoscope. Another example has 
to do with those quirky quotes from the 
likes of Isaac Asimov and the computer 
WOPR in the film War Games that flash 
on the introductory screen in Crosstalk. 

Crosstalk Communications has been 
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flooded with queries from corporations 
and individuals who wish to modify the 
program to post their own pet aphorisms 
on the screen. Not surprisingly, the latest 
version of the program, Crosstalk Mark 
4, provides the capability to do just that. 

Users’ fondness for opportunities to 
stamp their mark on a program screen is 
but a hint of a greater phenomenon: the 
ability to simply and quickly customize a 
program is something users, as a whole, 
revel in. “Notice how once you show 
someone a prompt command, as in DOS, 
most people want to change that 
prompt,” he says. “Whether they change 
it to say ‘Hi Bert!’ or to give them their 
subdirectory—it’s this little customiza- 
tion that gives them the feeling that 
‘This is my computer.” 

Garbers notes that most best-selling 
software packages offer considerable cus- 
tomization facilities, often in the form of 
a programming minidialect (such as in 


dBASE III or Lotus 1-2-3 macros). 


Macro languages enable users not,only to 
tailor a software application to their spe- 
cific needs, says Garbers, but also to en- 
hance their efficiency with it. “A 
package that allows you to add your spe- 
cial functionality to that already built 
into the package is naturally going to be 
gratifying,” he explains. “Again, there’s 
that feeling of personalization, and 
there’s also a feeling of mastery. ‘I am 
exerting control over my environment. I 
am altering it to make it the way I want 
itito bes * 


he difficult side 
of providing the 
user with the op- 


tion to customize lies in ensuring that the 
feature is “easy to perform and fluid,” 
says Garbers. Otherwise, the user will 
not want any part of it. “If you had to 
use debug to put your name on the user 
line in Infoscope, nobody would do it,” he 
quips. “If I have to go through eight dif- 
ferent menus to redefine a function key, 
I'll just type the darn thing myself. The 
trick is to minimize the amount of effort 
in a task to make it worth doing.” 

Most software is nowhere near as cus- 
tomizable as it should be, according to 
Garbers. “Lots of programs don’t let you 
do things like change the colors,” he 
says. “And you’d be surprised to find 
that people have preferences about those 
types of features.” Developers often go 
astray in aiming to fit elements of a pro- 
gram, such as text fonts or screen colors, 
to the preference of the majority of users. 
Such choices could easily be (and usually 
are) better left to the public. 

Providing users with some kind df 
transitionality in the way they interact 
with the program is an area often mis- 
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handled by developers. Allowing the 
manifest tyro to be guided by help 
screens is appropriate initially, but those 
screens may become an obstruction once 
the beginner has plied the ivories for two 
months and is no longer a rookie. The 
quandary also has its flip side: how do 
you accommodate the sure-fingered pro 
whose knowledge of the package has 
temporarily lapsed? 

“People aren’t static,” insists Garbers. 
“As you do something repetitively you 
tend to get better at it. If you run, you 
run farther and faster. If you lift weights, 
you lift more weights. It’s human nature 
to improve and to optimize your perfor- 
mance. It’s important for a computer 
system to account for this concept.” 

Just as users are bound to grow more 
proficient with a software product over 
time, their skills also suffer periodic re- 
lapses; for users to have to admit to any 
waning of expertise is not a heartening 
prospect. Say, for example, you shut off 
all the help screens on your copy of 
WordStar. You go on vacation for a 
month, and on your return find that you 
can no longer remember how to disable 
word-wrap. It’s pretty hard to turn those 
help screens back on, right? 

“To tell the program ‘OK, I’m a dum- 
my again. I had to go out of expert 
mode’ is not a warm, fuzzy thing for 
people to do,” says Garbers. He com- 


Providing users with 
some transitionality in 
the way they interact 
with the program is an 
area often mishandled 

by developers 


pares it to someone who hasn’t exercised 
in a while walking into a gym and being 
reluctant to pump less iron than when he 
or she was in better shape. A software 
user’s expertise waxes and wanes not 
only in a global sense, Garbers explains, 
but also with respect to specific compo- 
nents of a program. “In any application 
of any size, there are parts that people 
use constantly and those they don’t use 
much at all,” he says. A software design- 
er must be sensitive to this and tailor a 
program’s interface accordingly. 


f you think such a 
concept is easier 
entertained than 


flowcharted, you are correct. According 
to the “Rules of Garbers,” a user inter- 
face should not only be able to keep in 
step with a user’s oscillations of exper- 
tise, but do so in a fluid, invisible, and 
utterly unobtrusive way. The old Word- 
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Star help levels, for instance, strived for 
this kind of modulability by offering 
graded levels of help screens—unabridg- 
ed versions for.the novice and expurgated 
ones for the professional. Garbers thinks 
the screens failed because “they did not 
provide an easy way to slide back and 
forth among the levels.” 

In both Crosstalk and Infoscope, 
Garbers was able to chisel a user inter- 
face that fulfilled these criteria by com- 
bining menu-driven and command-driven 
systems. “A common user complaint is 
‘Why do I have to go through these 
menus all the time? Why can’t I just tell 
the program what I want to do?’” he 
says. “Users are asking for some sort of 
hybrid between a menu-driven system 
that provides support when they don’t 
know what they want and a command- 
driven system that allows them to dictate 
what they want.” 

In a cognitive sense, the difference be- 
tween a user’s interaction with the two 
breeds of interface is as vast as that be- 
tween the moon and sun. The command- 
driven interface relies upon the user’s 
knack for recall. Menu-driven interfaces 
depend upon recognition. While it is 
easier for a user to choose from a list of 
options on a menu screen than look up 
the commands to invoke the options, 
once he or she knows what the choices 
are, the menus become a bore. 

The process of recognition imposes a 
burden on the user: mental passivity. In 
contrast, recall is a liberator. “I think a 
lot of people find recall-driven software 
more rewarding because there’s more of 
a feeling of mastery over the system,” 
says Garbers. “You are telling the sys- 
tem what to do as opposed to it present- 
ing you with the choices. 

“The analogy I like to draw with 
menu-driven systems is that of going into 
a restaurant and asking for some bread- 
sticks. The waiter says ‘I’m sorry, you'll 
have to look at the menu first.’ The first 
menu he brings lists appetizers, main 
courses, side dishes, etc. You say, ‘All 
right, bring me the appetizer menu.’ So 
he brings you another menu of hot and 
cold appetizers and soups. You choose 
one of those and he brings you another 
menu, and you're sort of traipsing 
around looking for the breadsticks. You 
ought to just be able to say “Look, I want 
some breadsticks.”” 

The developer, says Garbers, should 
orchestrate a compromise between menu- 
and command-powered formats so the in- 
terface gives the veteran user enough 
room and tools to take charge but still 
panders to the apprentice—and naturally 
accommodates the two in a way that is 
structurally as seamless as possible. 

While many software ergonomics 
models focus on the number of key- 
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strokes required of the user to perform a 
given task, Garbers considers that ap- 
proach a distortion of the real issues in- 
volved in keying in commands. Rather 
than counting keystrokes, he prefers to 
group user responses into cognitive 
chunks or decisions. 

In this approach, typing the word 
“graph” would require less effort than 
“/grf” in a Lotus 1-2-3-style interface, 
despite the fact that “graph” contains 
more letters. In “/grf,” each character 
symbolizes a different function or deci- 
sion on the part of the user, whereas 
“graph” requires only one access of the 


user’s memory. “We should be more con- 
cerned with how many decisions people 
have to make and less with how many 
buttons they have to push,” maintains 
Garbers. He calls counting keystrokes 
meaningless in deciding how to shape a 
particular user interface. 


ne issue often 
shortchanged in 
treatises on user 


friendliness, says Garbers, is error- 
handling—how a program can best 
soothe a user’s anxiety when the walls of 
Turin (or at least of their application 
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software) come tumbling down. “Pro- 
grammers generally don’t like to think in 
terms of things going wrong,” observes 
Garbers. Since software designers tend to 
regard glitches as functional impropri- 
eties rather than inevitable occurrences, 
they do not always make the best disas- 
ter planners. And, says Garbers, “it’s 
when things go wrong that people really 
need help.” 

The example Garbers gives is network 
software. Say a user is spooling a file to 
be printed and the printer or network 
spooling software goes out to lunch. The 
user will typically receive a curt error 
message, get bumped back out to DOS, 
maybe even lose the file he or she was 
trying to print. “Don’t tell me you’re not 
going to need a lot more help at this 
point than if you’re doing things on a 
normal basis,” he says. “I know it’s 
rough to take care of that sort of thing, 
but it’s something we have to be a little 
bit more sensitive to.” 

The idiom of error messages is high on 
Garbers’ wish list of deserved reforms in 
this area. “People panic if they get error 
messages that sound the least bit hostile 
or troublesome,” he says, “A lot of peo- 
ple are afraid of these machines.” 
Garbers cites his all-time favorite error 
message, which he saw on a PDP-11 run- 
ning RSTS: “Unibus timeout fatal trap 
program lost sorry.” (Peeking at an odd 
memory address prompts this message.) 

While Garbers concedes that the world 
of micros has made notable headway in 
the quest for less boggling error missives, 
too much oblique mainframe vernacular, 
fractured hyper-tech, and operating sys- 
tem-derived gobbledygook remains. 


hief offenders 
are phrases that 
set users’ hearts 


aflutter and make their stomachs knot 
with apprehension—messages like “fatal 
error” or “crash.” Not only does this kind 
of jargon imply pending microchip 
apocalypse, says Garbers, but “a lot of 
words computer people use in relatively 
innocent contexts have emotionally 
charged meanings for people—like 
‘abort.’” In addition, some computer pat- 
ter packs double-barreled meanings in 
certain professional quarters like “termi- 
nal” in the health-care field, or “default” 
in banking. 

“I’m not saying these people are stupid 
enough not to realize there might be an- 
other use for the word,” Garbers says, 
“but their first reaction to seeing it on 
the screen is not going to be positive.” In 
place of such slang as “abort” and “kill a 
job,” Garbers would prefer less connota- 
tion-sparked words like “cancel” or 


Users can add new functions to Explore the beauty of fractals! 


LOTUS, WORDSTAR, and dBASE 


FractalMagic™ lets you investigate these 
beautiful images on your personal computer. 


Maen "| can't imagine a better way to waste an 
™ afternoon or two. No color 
THE WEINER SHELL PCompatible is complete without a copy 
Get Koom to Grow of this; get one and see what | mean." 
© Users can add their own functions to C, BASIC, PASCAL, LOTUS, Jerry Pournelle - BYTE Magazine 
WORDSTAR, dBASE & most other programs on the market. 4 


we i] 
© Custom-design memory-resident windows, menus, screens & 3 i Excellent piogram: 
utilities. ra is ae Incredibly fascinating. 


Easily set up your own context-sensitive help screens and light-bar =. ae » BDR - Arvada, CO 
menus. x a 


Run Shell programs without leaving your application. 2% IBM EGA - $25.00 


Execute shell progiams automatically, at timed intervals, or with ie IBM CGA - $25.00 
int t-dri i itions. a S'S : i 
interrupt-driven serial conditions. Macintosh - $25.00 


ired. Supports up to 8M bytes of Lotus-Intel aid +e 
eee require upports up to ytes of us-Inte iif i Apple IL - $25.00 


® Customization available. 


© $199 (includes limited no-royalty agreement). Sah ee hak 3.3 t F “eof Sintar Software 
a a ae P.O. Box 3746 


THE FIRST MEMORY-RESIDENT ae iF ex... Bellevue, WA 98009 


_ PROGRAMMING LANGUAGE ia Re 206-455-4130 
Visa, MC, AmEx 


GRYPHON: : a og S20Suchaes) 
® . % r 


microprooducts 
P.O. Box 10087/Silver Spring, MD 20904/(301) 384-6868 
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9-Track Tape Subsystem 
for the IBM PC/XT/AT 

XENIX or 
MS-DOS. 


The solution to your ~ 


Modula-2 ye 
DataBase Toolbox 


Now with the availability of Solid Software's 
Modula-2 DataBase Toolbox, you can write extremely 


microm alniaie FAST database applications quickly and easily . Based 
problem is on the most advanced routines known today, this power- 


ful toolbox uses B+ tree index file structures which gives 
your applications unmatched keyed file accessing per- 
formance. The comprehensive library of routines makes 
manipulation of both index and data files simple. The fast 
virtual Quicksort routine can sort files which are far too 
big to fit into memory at one time. 


B+ tree indexes 
H] Memory caching of indexes for fast access 
Manages huge index and data files(up to 4 gigabytes) 
Permits duplicate keys 
Fast virtual Quicksort 
Fixed and variable length data records 
WJ] key length can be up to 65535 characters 
WJ 150-page bound manual 
PC/MS-DOS 2.0 or higher, 128k RAM. 


Add $2.00 for shipping and handling. In Ohio, add 5.5% 
sales tax. VISA and MasterCard accepted 


available today! 


Qualstar’s new 
% inch 9-track —,, 
MINISTREAMER brings full ANSI data interchange capability >}. 
to the PC. Now you can exchange data files with virtually any 
other computer using 9-track tape. 


Available in both 7” and 1012” versions, the MINISTREAMER 
weighs in at only 27 pounds and uses less desk space than an 
ordinary sheet of paper, yet provides full 1600/3200 BPI 
capability at an affordable price. Up to 134 megabytes of data 
(depending on format) can be stored on a standard 1012" reel of 
tape, thus making the MINISTREAMER a highly-reliable answer 
to your backup requirements as well. 


Tape subsystem includes tape drive, coupler card, cables, 
dust-cover and MS-DOS or XENIX compatible software. 
Prices start at $2,995. 

Discover the many advantages 


386 READY ! 9-track tape has over other 


Micro/Mainframe links. 


oo eaiKaama ONLY $99.95 U.S. 7 
ge ¥ . c= With source code $149.95 
Wal [JUALSTAR, =a Solid Software, Inc. 

Os >: 9650 US Route 42 
4 9621 Irondale Avenue, 


Chatsworth, CAo1311 a | Cincinnati, Ohio 45241 U.S.A. 


a 
(), Telephone: (818) 882-5822 (513) 779-0009 
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“stop.” He advises programmers to be 
more tactful in phrasing on the screen, 
be it in error messages or on menus. 

Elsewhere in Garbers’ notebook of 

“user gripes about software are sound and 
display attributes. If a program includes 
sound effects, he says, it should always 
come with the option to be silenced. He 
tells of a health clinic whose patient re- 
cords software “eeped” each time it was 
ready for input. “I asked the nurse, 
‘Can’t you turn that off?’ and she said, ‘I 
wish I could because it’s annoying and 
people think I’m making mistakes.” 

An exception to this silence rule is if 
the software is used strictly for keying in 
massive amounts of data and the opera- 
tor is not likely to be looking at the 
screen, but needs his or her attention 
drawn to mistakes. Otherwise, beeps and 
chirps, especially in repetition, become 
an irritation to users and those around 
them. 

On the topic of screen graphics, a pro- 
grammer needn’t be Sandro Botticelli, 
says Garbers, but can at least use com- 
mon sense. For anyone but Max Head- 
room, flashing video is irksome and 
pulsing red is worse. “The only message 
that’s suitable for flashing-red video is 
‘MELTDOWN IMMINENT,” he 
quips. The key here is to make sure that, 


GRAPHICS TOOLS 


for SOFTWARE DEVELOPERS 


INTEGRATED GRAPHICS PACKAGE. 


Supports: 


e CGA, EGA, HERCULES Graphics Cards. 

e EPSON, OKIDATA Dot Matrix Printers. 

© Hewlett-Packard HPGL Compatible Plotters. 
e Houston Instruments DM/PL Compatible 


‘Plotters 


Features Include: 


e Filling, Hatching of Bounded Areas. 
e Markers, Line Types, Circles, Arcs, Linear, 
Log, Log/Log, Semilog & Polar Plots. 


Languages Supported: 


© C, Fortran-77, Quick-Basic & Turbo-Basic. 


$250.00 
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from their captions to their colors, 
screens are not overtly annoying. Re- 
member, the user may have to stare at 
one for hours at a time. 


n general, the in- 
terfaces of soft- 
ware that makes it 


into the mainstream professional market 
today are fairly polished, according to 
Garbers. “I think most people get mixed 
up in working with different applica- 
tions,” he says. 

In one package, for instance, users 
might press Fl to get help, and in an- 
other package the same key might save 
their input. Or some text editors will ask 
upon exiting “Do you want to save 
changes Y/N?” while others phrase it 
“Discard changes Y/N?” If users be- 
come accustomed to the first editor, then 
switch to the second, they may find 
themselves inadvertently discarding work 
they aimed to preserve. 

Garbers acknowledges a shot of fancy 
in assuming that programmers could ever 
reach consensus on conventions for 
prompts and commands, and hastens to 
add that even if they could, he would be 
the last to advocate a universal software 
interface. Nevertheless, he believes devel- 
opers have a responsibility to “try to ac- 


commodate the experiences people have 
with other applications and avoid putting 
anything in their products that’s in direct 
conflict with existing applicaions.” A 
case in point: numerous programs use the 
Alt-H or F1 keys to summon help 
screens; developers should clearly avoid 
assigning destructive functions to either. 
When it comes to artificial intelligence 
research and its much-bandied potential 
to someday clear the way for smoother 
human-machine relations, from the hu- 
man-factors standpoint Garbers is less 
than sanguine about the prospects. Rath- 
er than seeing research and development 
departments burn the midnight oil in 
quest of R2-D2 technology, Garbers be- 
lieves the energy should be spent on 
building more thoughtful people-to-com- 
puter interfaces that increase the band- 
width of interaction between the two. 
“There are some things that people are 
better at, and there are some things that 
computers are better at,” he concludes. 
“Tt’s all a matter of delegating responsi- 
bility.” Whether or not you agree that 
it’s always so simple, you can’t help mar- 
veling, as Robin Williams might: “User 
friendliness—what a concept!” «| 


Judy Getts is a free-lance writer based 
in Wauwatosa, Wisc. 


30% 
DISCOUNT 


UNTIL DEC 31, 1987 


WE ALSO HAVE SINGLE DEVICE 
VERSIONS OF GRAPHICS LIBRARY. 


GRAFLIB 


e For CGA, EGA, HERCULES, Graphic Cards 


$175.00 


and EPSON, OKIDATA Dot Matrix Printers. 


PLOTHP 
PLOTHI 


$175.00 


e Hewlett-Packard HPGL Compatible Plotters 


$175.00 


e Houston Instruments DM/PL Compatible Plotters 


FORTLIB 


$125.00 


Version 3.00 


e Add C-Like Power to your Fortran-77 
programs with our feature packed 


(over 150) Fortran Callable Routines. 


Sutrasoft 
P.O.Box 1733 


Sugar Land, TX 77487-1733 


(713) 491-2088 
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Along With Your Computer, Your Time 
is the Most Important Thing You 
Own. . .So Why Waste It? 


Quilt Programmer Productivity 
Tools will help you manage your 
software projects and get control 
of your time! 


sRMs™ 
Software Revision Management System Intelligent Program Generation Utility 


Full Featured Revision Control System |= Controls the rebuilding of even the most 
All Versions stored in a Single ASCII File | complex systems 
= Relieves the developer of remembering which 
modules need to be rebuilt based on recent 
= Allows you to use your current compilers 8, how to rebuild them, and in what 
and editors without conflict order to rebuild them 
= Windowing Shell interface to simplify use| =Works with most compilers, assemblers, and 
=-MERGE facility to consolidate different linkers 
development paths easily, while pointing | = Supports full macro definitions, UNIX make- 
out conflicting areas file compatability, recursive invocations, and 
=Full audit trail tracking and reporting on | command line parameters 
all library components «Interfaces completely with SRMS, providing 
©Handles big programming projects easily | you with a complete set of productivity tools 
=Full DOS Pathname and Environment to handle any size project ~ 
Variable Support = Requires DOS 2.1+, 128K F/H Disk 
= Requires DOS 2.1+, 224K, F/H Disk 


SRMS Version 8.0...cccccccsooreeee $185 | QMAKE Version 1.2.....cccrcrscsessesseee $99 
SRMS + QMAKE cccccoccsssssceosees eoeeere 250 


NEW 1 TXT Tools NEW 3 
QSE - Quilt Text Steam Editor 


QSRCH - Quilt File Search Utility 
(Like UNIX GREP) 
QDIFF - Quilt Windowing File Difference Utility 


TXTTOOLS Version 1.0....cccccceeseeeees $85 


IL 7048 Stratford Road 


Woodbury, MN 55125 A 
COMPUTING (812) 738-4650 ez) 
: Volume Discounts and Dealer Inquiries Welcome 
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Throw Away Your Flowcharts!! 
Cut Development Time By Up To 
30% 

The GeneratoR is the online design tool, 
based on the popular Warnicr/Orr diagrams 
that can generate source code and program 
documentation from completed — design 
diagrams. 

Design Diagrams 
Generates | Source Code 


Documentation 


GeneratoR 


Languages| C 


Pascal 


Introductory Special 
C GeneratoR $104.95 


Pascal GeneratoR :$90.95 
C & Pascal GeneratoR :$149.95 Demo GeneratoR :$10.00 
C or Pascal Source Code Convertor :$39.95 
‘ Diagram Editor: $39.95 
FREE -Source Code Converter and Diagram Editor with 
GeneratoR Purchase 
For all orders, add $1.50 Shipping and Handling. Cash, Check, COD, Visa and MC 
accepted. ln Kansas add 5% sales tax 
Call SoftWare Support 913-354-1618 
701 Jackson B-S Topeka, Kansas 66603 
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CANADA’S 
SOURCE FOR C 


— Canadian Sales 
— Canadian Service 
— Canadian Technical Support 
— Canadian Product Knowledge 


We specialize in programming & development software 


LIFEBOAT e LATTICE e GREENLEAF e PHOENIX 
SOFTCRAFT e MICROSOFT e BLAISE e ESSENTIAL 
AGE OF REASON e DESMET e AZTEC 
MARK WILLIAMS e GIMPEL e ROUNDHILL e GSS 
HALO e FAIRCOM e RAIMA e@ INTEL @ etc. © etc. © 


= Call for full price list—Dealer enquiries welcome S® 
We know our products — we use them! 


SCANTEL SYSTEMS LTD. 


801 York Mills Rd., Don Mills, Ont., M3B 1X7 
(416) 449-9252 
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the dBx” Translator 


C from dBASE II, II, III+ programs 

Move to UNIX, XENIX, QNX, MAC, AMIGA 
Faster, more reliable IBM PC programs 
Supports multi-user and network 

Run your code on any standard C system 
Know dBASE? Learn C easily. 

Priced from $350; available from distributors 
Includes full screen handler library 

Supports a choice of C database managers 


from (ZX) Desktop Ai 


1720 Post Road East, Westport, CT 06880 
Telephone: 203-255-3400 ° Telex: 6502972226MCI 
MCIMAIL-DESKTOPAI 


dBASE Is a trademark of Ashton-Tats 
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dBx Is a trademark of Deektop Al 


2YO@BORBPRODUCT BINGOQOGO®eC 


Each month Product Bingo features the latest in new 
software and hardware products of interest to 
COMPUTER LANGUAGE readers. Send new product 
information to Regina Starr Ridley, Editor, COMPUTER 
LANGUAGE, 500 Howard St., San Francisco, Calif. 
94105. . 


eee a] 
Mind your q’s and p’s 
Computer Systems Group Inc. has released a program 
generator that outputs Turbo Pascal native source code. 
qp (Quick Pascal) is a menu-driven data base program 
that lets users create and maintain complex data struc- 
tures. $69.95 

Computer Systems Group Inc., 407 18th Plaza, Lyn- 
wood, Fla. 32444, (904) 265-6452. 
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(RC ROR E 
Seek and find 


SEEKIT allows personal computer users to retrieve infor- 
mation from files in a dBASE III Plus, Clipper, or FoxBASE 
environment and incorporate advanced querying and re- 
porting capabilities into end-user applications. $99.95 
Integrated Data Technologies Inc., 4813 Springfield 
Ave., Philadelphia, Penn. 19143, (215) 726-6124. 
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esse eae 
Flying Moose through Hoops 


Flying Moose Systems and Graphics Co. has released a 

fully object-oriented, three-dimensional graphics develop- 

ment system. Hoops is a library of graphics tools that de- 

velops high-quality, device independent graphics written 

in C. $875 (micros) to $3,000 (engineering workstations) _-- 

. Flying Moose Systems & Graphics Co. Ltd., The Clinton ~ 
House, Ithaca, N.Y. 14850, (607) 273-3690. 
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EOE) 
SAYWHAT?! 
The Research Group has introduced its screen design and 
presentation utility for the IBM PC/XT/AT, PS/2 systems, 
and compatible computers. SAYWHAT?! lets programmers 
and computer users design and use screens and windows 
for menus, data entry, help panels, logos, presentations, 
and prototyping. $49.95 plus $5.00 shipping. 

The Research Group, 88 S. Linden Ave., South San Fran- 
cisco, Calif. 94080, (415) 571-5019. 
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TIA IT) 
E-Z does it 
To reduce programming effort when formatting output to 
a printer, E-Z Gen Inc. has designed E-Z PAGE, a forms 
generation and printing package for use with dot matrix 
printers as well as the Hewlett Packard Laser Jet.$295 
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By Johanna Kleppe 


E-Z Gen Inc., 1019 Mi. Pleasant Way, Cherry Hill, N.J. 
08034, (609)428-0211. 
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New ways from Blaise 
Blaise Computing has announced Turbo C Tools, a library 
of compiled C functions that includes removable windows, 
sidekick applications, general interrupt service routines 
written in C, and well-documented source code. $129 

Blaise Computing Inc., 2560 Ninth St., Suite 316, Berke- 
ley, Calif. 94710, (415)540-5441. 
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Screens from SoftScience 
Screen Maker is a screen editor and source code gener- 
ator for the IBM PC and System/2 computers. The pro- 
gram generates source code in eight different languages, 
can be imported for use in developed programs, and sup- 
ports Turbo BASIC, Quick BASIC, Turbo C, and text files. 
$75 plus $4.99 shipping 

SoftScience Corp., Box 42905, Tuscon, Ariz. 85733- 
2905, (602) 326-4679. 
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An improved toolkit 
For increased power and flexibility of UNIX commands in 
the DOS environment, Mortice Kern Systems has released 
the Version 2.2 of MKS Tookit a package of 110 software 
tools that optimizes the DOS environment with the power 
and modularity of UNIX. $139 
Mortice Kern Systems Inc., 43 Bridgeport Rd. East, Wa- 
terloo, Ont., Canada N2J 254, (519) 884-2251. 
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Programming by skylight 
SKYLIGHTS user interface generator for MS-DOS works in 
text and high-resolution graphics, supports pointing and 
display devices, and includes an interactive editor for cre- 
ating screens without coding, run-time binary routines, a 
set of utilities, and device drivers. $195 
The Report Store, 910 Massachusetts St., Suite 503, 
Lawrence, Kan. 66044-2975, (415) 571-7720. 
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Solid toolboxes 
Solid Software has announced Modula-2 Database Tool 
box (MDT) which searches and sorts data, builds data 
base applications, and features a Quicksort routine and 
unmatched keyed file-accessing performance. $149.95 

Solid Software Inc., 96540 US Route 42, Cincinnati, 
Ohio 45241, (513) 779-0009. 
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spota. 
realtime problem 
that 100000 
tructions old. 


It happens all too often. You keep 
experiencing a real-time interrupt 
service problem whose source 


in question. Better yet, the high-_ _- — 
level and assembly-level traces are 
time-aligned. 


may have occurred up to 100,000 : aes i sec | So Context Trace not only 
instructions ago. ack a)” | Tne shows you how the problem oc- 
But ae Unfortunately, Road Oot Gee Ftnetion al | curs in eee but also lets ‘ 

most real-time trace instru- renory write. T}] 9006 | Seen you trace back through as muc 
ments let you go back just a | esse menor rico | Gf ones | cceceamees \ high-level execution as needed 
few thousand instructions, at ane | et oe mite oot! | Scones S| to find the origin of the 

. most. Usually not enough to ite 0613 - Get Finetion \ problem. 

uncover the problem. | <n) MMS: And the SAW isn’t limited 


Finally, there's a simple 
way to trace the answer: The: 
Software Analysis Work- 


to Context Trace. You also get 
performance analysis, code 
~ coverage analysis and 
station™ (SAW) from NWIS. — ncserennasmronte nt > multi-processor trace. All 
One of the SAW’s many features is Context Trace™ It allows.__these tools are compiler/assembler and host development com- 
a real-time trace of high-level events, such as procedure entries puter independent. 
and exits, line numbers, global variables or any other symbolic The SAW is already producing dramatic results for software 
events. This selective event capture allows you to trace very large engineers around the world. Let us connect the SAW to your 
execution windows. In most cases, you can see a high-level trace _ target system and you'll see why, For an 
that is the equivalent of more than 100,000 assembly instructions. on-site demo and free applications 
Once this high-level symbolic trace encounters the event library, phone: 
associated with the onset of the problem, it triggers a state 1-800-547-4445 
_ analyzer which then displays an assembly-level trace of the code 


ZNW/S = 


NORTHWEST INSTRUMENT SYSTEMS, INC. 
_ PO. Box 1309 ° Beaverton, OR 97075 ° 1-800-547-4445 
AUSTRIA: 0222-253626 BELGIUM: 02-2418130 DENMARK: 05-611100 FINLAND: 0-5284316 FRANCE: 014-5347535 or 016-9070935 ISRAEL: 03-403373 ITALY: 02-470646 THE NETHERLANDS: 01720-43221 
__ NORWAY: 02-789460 SPAIN: 01-4558112 SWEDEN: 08-7390045 SWITZERLAND: 01-7231410 UNITED KINGDOM: 06284-4426 NWIS-USA: 503-690-1300 WEST GERMANY: 089-858020 
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Texas Instruments has 
system developers need. 


“OPEN | CLOSED; | 


“Personal Consultant™ Plus ooe offers Personal Consultant Plus 3.0 Standard Features 


— Frames, rules, meta rules and procedures 
ry fi devel ~ Contdence factors 
A a ve me expert system eve opment - peyeeeen ean and rule tracing 
g 2 Branlie Page urea delsoiey 
— Interf dBase™, Lotus 1-2-3™, DOS files, 
and delivery tool that already has eer Sct Lag 22°, 00s 
— Complete LISP development environment 


a proven record with end-users.” ~fiaus sapere AON sion 


- vanes selsine help me 
— “Getting Started” tutorial-style manual 
— Susan Shepard, Al Expert 
——SSS=S Personal Consultant Images 
— Optional add-on package to PC Plus (3.0) 
— Allows integration of “active images’ into 
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what serious expert 
Power tools. 


Plavcing all the expert system devel- 
opment tools available for personal 
computers today, none deliver the 
power and flexibility of TI’s Personal 
Consultant series. 

Personal Consultant Easy is ideal for 
getting started, and is upwardly com- 
patible with the higher functionality of 
PC Plus. For experienced developers, 
Personal Consultant Plus and its 
optional add-on enhancements, Online 
and Images, were designed to help solve 
a broader range of complex problems. 


package helps deliver expertise that is 
“online all the time.” 


Application delivery as flexible as the 
tools themselves. 

Delivery can be in LISP for flexibility, 
or “C”* for maximum speed and porta- 
bility. Our “C” options support either 
stand-alone or “embedded” knowledge 
bases. Options are available for DOS- 
based PCs, TI’s Explorer, and DEC’s 
VAX™ line of multi-user minis running 


under VMS™. 


Expert System Development Environment = : : 


PC PLUS 

Frames, rules, meta rules, procedures 
Interfaces with: 

* Lotus 1-2-3 

+ dBase ll, til, Ill Plus 

+ DOS files 

+ .EXE and .COM programs 
Customize in LISP or “C” 


PC ONLINE 
Process Monitoring 


PC IMAGES 
Active Images 


FOR DELIVER 


EXPLORER 
Common LISP Delivery : 


VAX/VMS 
“GC” Delivery 
Embedded or Stand-alone | 


8088/286/386 
LISP or “C” Delivery 
Embedded or Stand-alone 


“Texas Instruments has done more 
than any other company to educate 
people about AI, to popularize it, and 
to make useful AI tools available at 
reasonable prices.” 


Personal Consultant Plus. Full power 
for an affordable price. 

At $2,950, PC Plus has proven to be 
one of the richest and most flexible 
problem-solving tools available for the 


development of complex knowledge- 
based systems. Designed to take 
advantage of today’s more powerful 
286/386 DOS-based.computers, or TI’s 
Explorer™ Symbolic Processing System, 
the new 3.0 version of PC Plus provides 
powerful standard features and a contin- 
uing growth path with the addition of 
either PC Images or PC Online, or both. 


Personal Consultant Images. Picture 
an expert system with interactive 
graphics. 

At $495, PC Images enables developers 
to create knowledge-based applications 
that incorporate complex graphical 
“active images.” User-interactive dials, 


—Jim Seymour, PC Magazine. 


Technical support, training courses and 
Knowledge Engineering Services are 
available for the Personal Consultant 
products. If you have a question about 
any of our expert system power tools, we 
have the answer. 


Pick up the phone and gain a powerful 
advantage. 

Call 1-800-527-3500 for technical 
overviews of our products and a PC Plus 
case histories brochure which details 
how our power tools are being put to 
work today. 
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knowledge bases 

— Interactive dials, gauges, forms and selection 
images 

— Multiple images can be combined on same 
screen 

— “Getting Started” tutorial-style manual 


Personal Consultant Online 
— Optional add-on package for PC Plus (3.0) 
| — ONLINE expert systems that interact directly with 
process data 
7 — Multiple interfaces to data acquisition and 
analysis programs 
- movene base synchronization with process 
ata 
| — Functions for historical and predicted trends 
- ppt user interface/reporting capabilities 
- “Getting Started” tutorial-style manual 


© 1987 TI 

Personal Consultant and Explorer are trademarks of 

Texas Instruments Incorporated. 

dBase is a trademark of Ashton-Tate. ® 

Lotus 1-2-3 is a trademark of Lotus Development Corp. 

VAX and VMS are trademarks of Digital Equipment Corporation. 
* Available 4Q 1987. 


gauges, forms and selection images pro- 
vide a more exciting visual data input 
and output style. 


Personal Consultant Online. The 
expert system as part of the process. 


At $995, PC Online allows the devel- > 


oper to a oat systems eee 
interact directly with process data, as 
TEXAS 
INSTRUMENTS 


opposed to input from a human oper- 
ator. Designed for intelligent process 
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he introduction 
eae of the Macintosh 
by Apple Com- 


puter in early 1984 had a profound effect 
on how people look at microcomputers 
and redefined the concept of a user inter- 
face. Based on work done at Xerox’s 
Palo Alto Research Center (PARC), the 
Macintosh presented the first graphic in- 
terface for a microcomputer designed for 
the home market and introduced the con- 
cepts of windows, menus, bit-map graph- 
ics, and event-driven interfaces to the 
micro-computer industry. 

Currently, the Macintosh is firmly in 
control of the desktop publishing indus- 
try (a feat that took Apple entirely by 
surprise) and is accepted as the machine 
of choice by most graphic artists using a 
microcomputer to generate professional- 
quality production art. With the recent 
acceptance of windows and menus as the 
de facto standards on the newest IBM 
machines, it has become increasingly 
necessary for programmers in both the 
Apple and IBM camps to understand the 
underlying concepts that make the Mac- 
intosh interface so unique and effective. 

Programs designed to create artwork 
often serve as the best examples of Mac- 
intosh programming, good and bad, since 
they interact most completely with the 
Macintosh’s graphic interface. Because 
graphics programs are modeled after 
real-life activities, they present program- 
. mers with the demanding task of devel- 
oping an intuitively sensible interface. 
The latest generation of Macintosh 
graphics programs represent some of the 
most exciting advances in interface devel- 
opment and foreshadow where computer 
graphics are going in the future. 

The fundamental difference between 
the Macintosh and other computers lies 
in the implementation of its interface. 
Prior to the Macintosh, most microcom- 
puter programs were modal: they pre- 
sented the user with a limited set of 
command choices, or modes, and the 
user was forced to follow the program- 
mer’s notions of the logical flow of the 
program. Modal applications are much 
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easier to write from a programmer’s 
standpoint but are limiting to the user. 

The Macintosh changed this by using 
an event-driven interface; the program 
continually watches the user and re- 
sponds.to any action he or she might 
take. By allowing the user to choose 
commands at any point in the program, 
the Macintosh interface models more 
closely how people work in real life. This 
approach is harder to program but 
makes working with the application 
much more intuitive. 

Equally important to the design of the 
interface is the model it uses for its given 
task. Since most programs are designed 
to do a specific job, generally with a real- 
life counterpart, it is crucial that the in- 
terface make sense for that task if it is to 
be intuitive for the user. Successful 
graphics programs are outstanding exam- 


The latest generation 
of Macintosh graphics 
programs represent 
exciting advances in 
interface development 
and foreshadow 
where computer 
graphics are going 
[_aeneree seein] 


ples of this approach since they are mod- 
eled on concrete real-life tasks such as 
drawing, painting, and layout. 

What sets the better programs apart is 
usually not the number of features they 
sport but how productive each allows the 
user to be within a given task. The key 
factor is how intuitive the interface is; an 
intuitively designed interface allows a 
user to be more productive since it does 
not interpose itself between the user and 
the intended task. 

Macintosh graphics programs have fol- 
lowed an evolutionary path extending 
from the earliest Macintosh program, 
Apple Computer’s MacPaint, to such so- 
phisticated and powerful tools as Cricket 
Software’s Cricket Draw and Adobe Sys- 
tems’ Illustrator. To follow how the ap- 
proach to graphics has changed since the 


introduction of the Macintosh, it is nec- 
essary to understand some fundamental 
concepts related to the production of 
artwork on the computer in general. The 
three basic types of graphics in general 
use, particularly on the Macintosh and 
soon to be common on an IBM PC, are 
bit-map, object-oriented, and PostScript 
(from Adobe). Each approach has its 
own strengths and drawbacks, and the 
most successful programs are those in 
which the programmers understood the 
strengths and limitations of each. 

Bit-map graphics are the lowest com- 
mon denominator for any of the ap- 
proaches to computer-aided graphics. 
Every image seen on the Macintosh 
screen, including those of object-oriented 
and PostScript programs, is a bit map; 
the differences between approaches be- 
come most important when the image is 
printed. 

To visualize how bit maps work, imag- 
ine a sheet of graph paper. To create an 
image on the sheet, you can fill in some 
of the squares with black. By filling in 
certain areas, a picture or design can be 
formed from the combination of black 
and white squares. The pattern of 
squares serves as the map of the image 
we wish to create. When applied to the 
memory of the computer, the pattern can 
be stored as a collection of bits, hence 
the term “bit map.” 

This is how the Macintosh creates an 
image on the screen: an area of memory 
contains a map of the pattern of black 
and white squares that is then used to il- 
luminate squares on the screen, called 
picture elements or “pixels.” Everything 
seen on the screen, including text, has a 
corresponding map in memory. Bit-map 
graphics programs work by allowing the 
user to work directly on the screen and 
create an image composed of bits. 

Object-oriented graphics are ap- 
proached in a different manner. Instead 
of images being saved as a collection of 
bits, they are stored as mathematical ex- 
pressions. For example, a square would 
be defined by the coordinates of its ver- 
tices and their location on the page. 
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These mathematical descriptions are 
converted into bit maps that represent 
the object and are then projected onto 
the screen. 

Object-oriented graphics are imple- 
mented on the Macintosh via Quick- 
Draw, which is the Macintosh-specific 
graphic description language built into 
the Macintosh’s operating system. This 
approach has the advantage of allowing 
multiple objects to be arranged on a 
page and layered relative to one another. 
Modification of objects is also easier 
since resizing an object is simply a mat- 
ter of changing its coordinates in mem- 
ory. Objects can also be assigned a fill 
pattern, allowing easy shading effects. 
Working with objects is analogous to cre- 
ating a picture from cut-out pieces of pa- 
per and shuffling the pieces around to 
create the final image. 

PostScript; a page description lan- 
guage, was the next step in the evolution 
of Macintosh graphics. As a command 
language, it is not specifically désigned 
for the Macintosh; it provides for the 
graphic elements on a page to be ex- 
pressed in mathematical terms, allowing 
precise control over every element of the 
work. PostScript pages should be printed 
on a device capable of translating the 
language, making the language indepen- 
dent of screen resolution. 

In conjunction with printers like Ap- 
ple’s LaserWriter, which can produce im- 
ages of 300 dots per inch (dpi), 
PostScript is capable of extremely fine 
detail and shading effects control. It ori- 
ginally gave a completely new, high- 
resolution feel to Macintosh graphics. 
Printers capable of still greater resolu- 
tion (2,400 dpi) can use the Macintosh 
as the front-end for a phototypesetting 
system, with PostScript describing the 
images. 

Each of these approaches has its own 
particular strengths and weaknesses. 
Since there are no strict boundaries be- 
tween the approaches, overlapping of fea- 
tures occurs between all three types, 
allowing a great deal of flexibility and 
creativity when designing an interface. 
Bit-map graphics allow freehand flexibil- 
ity and the ability to create subtle shad- 
ing effects, but (with some exceptions) 
are limited to the current 72 dpi resolu- 
tion of the Macintosh screen. Object- 
oriented programs allow more precise 
control of individual elements and are 
capable of printing artwork at the full 
resolution of PostScript devices, but 
artwork tends to be created out of fairly 
simple shapes, limiting it to more struc- 
tured and stylized graphics. PostScript 
allows the most precise control of 
artwork but is difficult to write and re- 
quires a rigorous mathematical basis for 
every element of the page. 


The earliest Macintosh graphics pro- 
grams, MacPaint and MacDraw (from 
Apple Computer), still stand as para- 
digms of well-designed, intuitive inter- 
faces. MacPaint, the first bit-map 
graphics program, introduced many of 
the concepts used in programs today, in 
particular palettes, which presented the 
user with a choice of operations in the 
form of tools. 

Each of the tools is represented by an 
icon, the design of which makes its func- 
tion immediately obvious. For example, 
the brush tool is shaped like a brush, the 
eraser like an eraser, etc. The primary 
strength of icons is that concepts can be 
represented in a pictorial way, making 
their use consistent from application to 
application, without lengthy descriptions. 

Patterns for painting are presented in 
the same way: the user simply clicks on 
the desired pattern on the palette, just as 
he or she would dip a brush into the 
paint on a palette. The MacDraw inter- 
face is similar, using icons to represent 
the various drawing tools. Both programs 
are good examples of how an intelligently 
designed and intuitive interface can 
make working with a program easier and 
increase a user’s productivity. 

The following six programs span the 
entire spectrum of approaches to graph- 
ics production. They differ markedly in 
the design of their interfaces. While this 
review is not intended to give detailed, 
feature-by-feature descriptions, a brief 
overview of each of the programs will 
serve to demonstrate the importance of 
designing an appropriate interface when 
creating an application aimed at the pro- 
duction of graphics. 


Silicon Beach Software 
SuperPaint 

The first attempt to integrate the two 
major fields of graphics programs on the 
Macintosh, bit-map and object-oriented, 
was SuperPaint by Silicon Beach Soft- 
ware. SuperPaint is essentially nothing 
more than MacPaint and MacDraw 
combined into a single application. Ob- 
ject-oriented and bit-map graphics coex- 
ist as separate layers on a single work 
surface, with the paint layer overlaying 
the draw layer. 

The program also incorporates many 
of the features Macintosh artists had 
been looking for in a paint program and 
corrects some of the deficiencies of Mac- 
Paint, such as allowing access to the full 
screen and presenting tools for rotating 
and distorting images on the screen. 
While the program attempts to combine 
the flexibility and high resolution of ob- 
ject-oriented graphics with the subtle 
shadings and free-hand flexibility of bit 
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maps, few features in the design of the 
interface integrate the two approaches 
into a useful product. 

The two layers of SuperPaint are al- 
most identical to MacDraw and Mac- 
Paint, and the interface relies heavily on 
those programs for its look and feel. A 
single click of the mouse gives you access 
to either layer; the menus and tool pal- 
ette change to reflect the mode you are 
working in. Anyone familiar with Mac- 
Draw and MacPaint should immediately 
recognize SuperPaint’s utilization of tool 
palettes and menus. 

This approach has advantages and dis- 
advantages. The advantages are inherent 
in the Macintosh interface itself: because 
so many programs operate in a similar 
manner, it’s easy for a user to transfer 
skills acquired in one program to an- 
other. Anyone who has used MacPaint 
and MacDraw can sit down with Super- 
Paint and begin using its tools without 
looking at the manual. Each of the tools 
operates like its counterpart in the earli- 
er programs, and the user can immedi- 
ately begin to use them to create a 
drawing. 

The disadvantages to this approach, 
paradoxically, are the very similarities 
between SuperPaint and the other pro- 
grams. By adopting the earlier interface 
as a model, the programmers restricted 
themselves to the limitations of those 
programs. Artwork is still limited to a 
single layer in the paint mode: bits laid 
down obscure bits beneath them, as in 
the MacPaint model of a sheet of paper 
and ink. 

There is also no effective integration 
between the two modes. The artwork ex- 
ists as two superimposed but distinct lay- 
ers, and work must be done separately in 
each layer. While artwork created in one 
layer can be cut and pasted into the oth- 
er, there is no other effective interaction 
between the two. 

More seriously, SuperPaint shows 
clearly the differences between the two 
- approaches to graphics. Simply laying a 
paint image on top of a draw image is 
not enough to integrate the two forms of 
artwork. When printed on a Laser-Writ- 
er, the contrast between the high-resolu- 
tion, object-oriented artwork and the bit- 
mapped images is striking. 

This must have been obvious to the 
programmers since one of the tools pro- 
vided serves as a kind of bridge between 
the two layers: LaserBits allows the user 
to magnify the bit-mapped layer to the 
300 dpi level of the object-oriented layer. 
Unfortunately, working at a bit-by-bit 
level at 300 dpi can be incredibly te- 
dious. This is a good example of the im- 
portance of intuitiveness in selecting a 


model for a program’s tools. By simply 
adopting MacPaint’s model of FatBits 
for its own LaserBits, SuperPaint’s devel- 
opers overlooked the importance of de- 
signing an interface appropriate to the 
task at hand. 

Although SuperPaint is the first real 
example of the convergence of paint- and 
draw-type programs, it ultimately fails to 
integrate the two effectively because Sili- 
con Beach had no other purpose in mind 
than to combine MacDraw and 
MacPaint. 

While it may seem handy to have both 
types of graphics available in one appli- 
cation, the lack of useful integration of 
the two will cause most people to use the 
levels independently, defeating the pur- 
pose of combining them in the first place. 


Mindscape 
GraphicWorks/ComicWorks 
GraphicWorks from Mindscape is an- 
other attempt at combining bit-map 
graphics and object-oriented features. It 
is more successful than SuperPaint large- 
ly because instead of copying existing 
programs, it uses an entirely new inter- 
face utilizing the more general concepts 
of bit-map and object-oriented graphics. 
The GraphicWorks interface design is 
also more creative, using a real-life mod- 
el that is both familiar and intuitive. 

In its original incarnation, Graphic- 
Works was presented as an application 
for creating comic-strip-type layouts and 
was called ComicWorks. When the soft- 
ware-buying public refused to take seri- 
ously any program that.billed itself as a 
comic-drawing program, Mindscape 
changed the name to GraphicWorks, 
changed the artwork, repackaged the 
program, and began touting it as a desk- 
top studio. 

It is unfortunate that the narrow- 
mindedness and lack of imagination of 
many Macintosh users led Mindscape to 
change the focus of the program, as 
much of its intuitiveness comes from its 
use of a comic-strip model. While the 
program is by no means limited to creat- 
ing only comic strips, it makes sense to 
approach it in this way since the model is 
intuitive and easy to work with. 

GraphicWorks is essentially a paint 
program. It uses a palette similar to 
MacPaint in the layout of its tools, with 
a few key differences based on its ap- 
proach to graphics. Most notable is its 
inclusion of an airbrush-like feature that 
operates much like a real-life airbrush. 

This tool alone gives the program 
enormous creative potential since it plays 
to one of the fundamental strengths of 
bit-map graphics: the ability to achieve 
subtle shading effects. The program also 
gives an extensive selection of brush 
shapes, ink patterns, and ink modes, al- 
lowing the user almost unlimited control 


of bit-map effects. In addition, the tool 
palette contains special effects tools to 
rotate, stretch, tilt, and form perspective 
horizons. These tools are all introduced 
by clicking on their on-screen images. 

GraphicWorks provides one of the 
most complete set of paint tools of any 
paint-type program. The interface is 
completely invisible as you use the pro- 
gram; modifying existing graphics is neat 
and logical. 

The strength of GraphicWorks lies in 
its approach to the layering of graphics. 
Where MacPaint artwork exists in a sin- 
gle plane, modeling the real-life idea of a 
painter and a canvas, Graphic Works 
artwork can exist in as many planes as 
the user desires, allowing complex layer- 
ing effects in much the same way as 
many draw programs. 

The individual elements of a page are 
contained in areas called panels (as in a 
comic strip), and the artwork is created 
on easels. The easels behave like a car- 
toonist’s cellophane frames, allowing 
artwork beneath the undrawn portion of 
the easel to show through. Thus individ- 
ual elements of a drawing can be created 
in separate easels, then combined in a 
panel and moved around like objects to 
achieve the final effect. In addition, com- 
mands for controlling the plane of an in- 
dividual easel allow the user to shuffle 
the individual elements of a piece con- 
trolling which easels are on top of the 
others. 

GraphicWorks also allows previously 
created artwork to be brought into the oe 
program relatively easily. By opening the 
browse window, the user can select im- 
ages from a collection of artwork that 
can be pasted into his or her creation. 
The artwork included with Graphic- 
Works is fairly uninspiring; the artwork 
included with the earlier program, 
ComicWorks, is much more impressive, 
although admittedly less useful from a 
business standpoint. 

Created by Mike Saenz, ComicWorks’ 
collection of spaceships, bug-eyed mon- 
sters and space scenes show the dazzling 
array of effects possible with the pro- 
gram (Figure 1). The original artwork 
intended for GraphicWorks, nearly a me- 
gabyte of exotic images by Saenz, appar- 
ently was pulled from the program at the 
last minute on the basis of being inappro- 
priate for the home market. I hope the 
decision makers at Mindscape rethink 
this policy; if GraphicWorks’ artwork is 
at all up to the standards of that pro- 
vided with ComicWorks, its inclusion can 
only help to promote the package, and its 
release might inspire others to use the 
program. % 

GraphicWorks can be set for standard 
ImageWriter IT output (including mono- 
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chromatic colors) as well as for the La- 
ser Writer. The resolution of the program 
can be set for up to 300 dpi; the screen 
image can also be modified to simulate a 
300-dpi output, which makes for a rather 
large drawing area. This feature in- 
creases the value of the program for La- 
serWriter users. However, because it is a 
bit-map graphics program, Graphic- 
Works does not utilize PostScript-specific 
effects. 

Text is entered in GraphicWorks in 
two ways. When entered into an easel, 
individual characters are simply bit 
maps, as in MacPaint. When entered 
into GraphicWorks’ balloons, however, 
text is treated as a font and printed out 
at full resolution on the LaserWriter. Be- 
cause the text is distinct from the bit- 
mapped elements of the page, the effect 
of having the two types together works 
well. The way the individual strengths of 
the object-oriented and bit-mapped ele- 
ments of the program are utilized make 
the program unique. 

The interface for GraphicWorks is 
successful because the model used is in- 
tuitively correct for anyone who has done 
layout work in which individual elements 
are pasted down on a page. The model 
that serves as the basis for Graphic- 
Works is used consistently throughout 
the program, giving a sense of continuity 


ON THE FRINGES OF A DISTANT 
GALAXY, A SOLITARY SHIP 
HURTLES THROUGH THE VASTNESS 
OF DEEP SPACE. 


HEY, HAS 
ANY ONE 
SEEN MY COPY 
OF THE MOZART 
CONCERTO? 


Figure 1. Cartoon done with ComicWorks. 
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to the application as a whole. By apply- 
ing the general features of bit-map and 
object-oriented graphics to an interface 
that utilizes the strength of both ap- 
proaches, GraphicWorks succeeds from 
both a task-specific and production- 
specific standpoint. The creators of the 
program obviously understood the inher- 
ent strengths of each approach and cre- 
ated an amazingly intuitive interface. 


Foundation Publishing 
Comic Strip Factory 
A basic assumption of most graphics pro- 
grams is that the user is able to draw. 
Part of the role of the home microcom- 
puter should be to make difficult tasks 
easier to accomplish, and one of the most 
difficult tasks facing some people is the 
generation of professional-looking 
artwork. While clip art or predrawn im- 
ages helps fulfill part of the gap between 
idea and ability, most programs are de- 
signed for the creation of original 
artwork, and their effectiveness depends 
solely on the user. But with Comic Strip 
Factory from Foundation Publishing, 
those of us with limited drawing abilities 
are not necessarily excluded from the joy 
of the creative process. 

Comic Strip Factory differs from most 
other graphics programs in that it uses 
more a production-specific model than a 


task-specific one. It is essentially a layout 
program for assembling the individual 
elements of a comic strip. Whereas 
Mindscape downplays the comics ele- 
ment of its program, Comic Strip Fac- 
tory celebrates it and models its interface 
on a traditional team approach to comic 
strip creation. 

In this traditional approach, comics 
are created by a team of writers, pen- 
cillers, inkers, and letterers. Comic Strip 
Factory takes the function of each of 
these people and condenses the whole 
process into a single streamlined assem- 
bly line, usable by a single person. The 
result is a program that makes the cre- 
ation of comic strips fast, easy, and, 
above all, fun. 

Comic Strip Factory is not a stand- 
alone graphics program in the same way 
that MacPaint or GraphicWorks are. 
Taking the view that a number of pro- 
grams on the market are capable of cre- 
ating bit-map graphics, the program 
instead focuses on assembling individual 
elements into a complete strip, and the 
interface is almost wholly devoted to this 
task. 

The basic element of the program is 
the part, a single piece of bit-mapped 
artwork that can be moved around like 
an object. The parts are pasted into a 
panel, where they can be shifted around 
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and combined until the desired effect is 
achieved. Balloons, which contain text, 
can easily be added via a balloon editor, 
and backgrounds can simply be chosen 
from a pattern palette or a predrawn 
MacPaint-type file. 

The program has limited creation and 
editing facilities: a single FatBits type of 
editor is used for touching up individual 
parts within a panel. Most of the artwork 
must be created in another program ca- 
pable of saving MacPaint-type files and 
then made into parts with a clever utility 
program, PartMaker, that comes with 
the package. 

Comic Strip Factory comes with a 
huge number of predrawn parts: arms, 
legs, and torsos in a variety of positions 
and faces covering almost every emotion. 
The character parts’ artwork, by Macin- 
tosh artist Trici Venola, is extensive and 
humorously rendered, including an ana- 
tomically-accurate female character 
transformed into a sort of tiger woman 
with strategically placed stripes (easily 
removed via EditBits for those with a 
taste for R-rated comics); a crusty wiz- 
ard and his bizarre reptilian mutant pet; 
a pair of dapper bugs complete with top 
hat, spats, and rubbery limbs; and Fred 
Nerd, the archetype of the computer 
weenie. The manual alludes to more 
character parts on the way which is im- 
portant if the company hopes to make 
the program into a serious production 
tool. 


The simpler characters are more mal- 
leable to piece together: legs and arms 
are basically tubes, and heads and torsos 
are balloons, much like Mickey Mouse in 
the early days. Feet and hands pose the 
only physical restrictions; if you experi- 
ment with parts, it is probably better to 
start off with stick figures before tack- 
ling the problems of drawing generic 
limbs. Modifying the basic female form 
is a relatively easy task, giving you a va- 
riety of human characters. 

The basic element of Comic Strip Fac- 
tory is a comic strip composed of individ- 
ual panels (Figure 2). Each panel allows 
for an unlimited number of elements to 
be layered in. At the lowest level is the 
background art; backgrounds can be one 
of the standard QuickDraw patterns or 
part*of a single MacPaint file. The ex- 
ample background artwork packaged 
with the program includes various parts 
of an apartment, the interior of a the- 
atre, and a fanciful rendering of a wiz- 
ard’s workshop. 

Each background is represented within 
a single MacPaint file. To specify which 
part of the background drawing you wish 
to insert in a specific panel, you scroll 
around the background drawing and out- 
line the section you want. To use more 
than one background drawing in a single 
comic strip, you have to open a second 
Comic Strip Factory file. The back- 
ground art is possibly the most difficult 
aspect of Comic Strip Factory because it 


~The assignmentcomes over the line — 


review some graphics programs. The 
deadline is three weeks away. | jy 


Figure 2. Some of the graphics capable with Comic Strip Factory. 
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requires the greatest amount of planning 
to initiate. 

Atop the background art you select 
and connect individual parts. The parts 
are initially drawn in MacPaint or some 
other program capable of saving Mac- 
Paint files, then run through a parts- 
making filter that separates out the 
individual elements. Laying in an ele- 
ment requires opening the parts file and 
clicking on the part you want. The part 
is transferred to the currently active pan- 
el, where you then move it into position. 
Parts can be manipulated by rotating 
and flipping them within the panel and 
can be touched up with a FatBits-type 
tool. 

Most of the standard tools can be used 
from either a menu or icon selection. The 
tool palette is confined to a small bar 
above the comic strip. Since the program 
tools have all been streamlined, you don’t 
need much to lay out a comic strip (aside 
from a copy of MacPaint). Most opera- 
tions can be performed with a single 
click, making the creation process ex- 
tremely fast. 

Because Comic Strip Factory was 
based on a team production model, the 
separate tasks of the team have been rep- 
licated as separate functions. The ulti- 
mate in modality is that the artwork be 
done using a separate program. Comic 
Strip Factory may well be criticized for 
not having incorporated a paint program, 
but within the context of what the cre- 
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ators of the program intended, this omis- 
sion is quite sensible. To follow the team 
model, other members of the team would 
be working on the artwork outside the 


program. 


Comic Strip Factory comes into play 
when it is time to assemble the artwork 


and parts and lay in the script. This 


team model makes for a modal program 
in the sense that the disparate parts of 

production are handled using other pro- 
grams. Modality in this sense aids in the 


ease of production: final production is 
fluid and relatively seamless. 


The primary strength of Comic Strip 
Factory is the ease with which each task 
can be accomplished. The effectiveness 
of the interface is a direct result of the 
clarity of the programmer’s intentions in 
creating the program: by clearly defining 
the tasks involved and never letting the 
program stray from its intended purpose, 
the programmers were able to maintain a 
unity and consistency within the program 
that gives it an amazingly intuitive feel. 

Although it is easy to dismiss Comic 
Strip Factory because of the nature of 
the work it is designed to do and the sim- 
plicity of the interface, the effortless way 
in which the program allows the user to 
create a layout makes it a valuable pro- 


duction tool, with applications beyond 
simply making a comic strip. Any 


artwork that uses a number of different 
graphics elements on a page (such as a 
storyboard) can be created quickly and 


easily within the program. 


Cricket Software 

Cricket Draw 

At the current resolution of the Macin- 
tosh screen, programs like GraphicWorks 
push bit-map graphics about as far as 
they can go. How then does one get past 
the 72-dpi limitation of the Macintosh 
screen? The answer is with PostScript, 
which is not dependent on the resolution 
of the screen. PostScript is capable of 


some stunning effects, including finely 


detailed shading, shadows, and text rota- 
tion. Cricket Draw from Cricket Soft- 
ware adopts the MacDraw model and 
moves it into the realm of the laser. The 
program essentially is an extension of the 
MacDraw interface applied to the task of 
generating PostScript code. 

Because Postscript is capable of pro- 
ducing artwork at the resolution of the 
device used for printing, it is capable of 
many shading and shadowing effects pre- 
viously found only in the domain of bit- 
map programs (Figure 3). And because 
printers like the LaserWriter and Lino- 
tronic machines are capable of resolu- 
tions many times that of the Macintosh 
screen, extremely fine detail can be 
achieved. 

Unfortunately, as a command lan- 
guage, PostScript is difficult to write, 
and describing a given object directly in 
PostScript can be a daunting task. Crick- 
et Draw allows the user to graphically 
define an object, such as a square, and 
then writes the code necessary to create 
the image on a printer. 


Figure 3. Shading and shadowing in Cricket Draw. 
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At its most fundamental level, then, 
Cricket Draw is a code generator for 
PostScript. As a PostScript laboratory, it 
allows sophisticated PostScript effects to 
be created intuitively and takes care of 
the tedious mathematical calculations 
and coding (which after all is one of the 
things computers do best). What’s more, 
the user can choose to look at the code 
file created by the program, and modify 
it directly in PostScript if he or she 
desires. 

Cricket Draw uses the basic MacDraw 
interface as a model but extends it in 
several important ways. The tool palette 
has several new tools, including radial 
starbursts, linear and logarithmic grates 
(for creating a series of parallel lines), 
and Bezier curves, which are capable of 
defining irregular freehand-type lines. 
These new tools make it easier to achieve 
effects that previously required a great 
deal of time and experimentation, such 
as perspective. 

A second tool palette is carried at the 
bottom of the graphic window and con- 
tains clickable shortcuts to menu items. 
Though the second palette contains 
icons, it is more a feature than a stan- 
dard palette. This additional tool palette 
demonstrates where Cricket Draw di- 
verges entirely from the MacDraw mod- 
el. Because Cricket Draw is written 
specifically for output to a PostScript de- 
vice, it does not use the Macintosh’s 
QuickDraw patterns for fill: fill is essen- 
tially a monochromatic shade with an in- 


tensity of 0%-100%. Rather than 25 


carrying fill selections in a menu where 
it makes no intuitive sense, Cricket Draw 
requires that you either click on the de- 
fault fill icon in the lower tool palette or 
double click selected items. 

In either case, a dialogue box prompts 
for changes in the user-selectable attri- 
butes of a specific object. This technique 
works relatively quickly and unobtrusive- 
ly. On-screen alternatives, such as plac- 
ing some sort of additional control device 
within the graphics window, might have 
worked as well but would have restricted 
the graphics window. As is, little guess- 
work is involved in figuring out how the 
attributes of any object can be modified. 

Two of the tools in the bottom-most 
palette let you set the default fill and de- 
fault line size. A third tool automates the 
process of copying a selected object. The 
last two tools allow you to manipulate 
objects by rotating or tilting them. When 
an object is drawn in the graphics win- 
dow it arrives complete with handles that 
allow you either to reshape or move the 
object. 

Objects are not linked together auto- 
matically but via a menu selection. Ob- 
jects are layered on top of each other in- 


the order in which they are created; the 
object order can be manipulated by send- 
ing a specific object to the front or back 
of the object queue. 

Three features located under the “Spe- 
cial” menu give you access to PostScript 
devices: fountain, shadow, and binding 
text. The question of how to implement 
them while maintaining the intuitive feel 
of the rest of the program is handled 
fairly smoothly. 

A fountain in PostScript is a form of 
shading. The shading can be either a lin- 
early specific progression from 0%-100%, 
a logarithmic progression, or a radial 
progression. The upper and lower limits 
are user definable. Once the fountain’s 
attributes have been selected, the start- 
ing and ending borders of the linear and 
log fountains are indicated by dragging a 
paintbrush pointer from the starting and 
ending location of the fountain. The in- 
terface for accomplishing fountains is re- 
markably intuitive; subtle shading effects 
can be accomplished quickly and easily. 

Shadows are handled in a similar 
manner: starting and ending intensities 
are specified, and the object is dragged 
in the direction of the desired shadow. 

The last of the special features, bind- 
ing text to a path, is somewhat less intu- 
itive because the final outcome of the 
procedure cannot be replicated on screen. 
The procedure itself is simple: create the 
path the text will be bound to, as well as 
the text itself. With both objects selected, 
select the appropriate menu item. The 
text itself disappears, and its bound sta- 
tus, as well as its position on the selected 
path, are indicated by diagonal lines. Al- 
though this approach works, it is less vi- 
sually useful than the other graphic 
routines. 

The graphic interface in Cricket Draw 
is straightforward: the upper palette con- 
tains the object-making tools, the lower 
palette contains the most common tools 
to manipulate objects, and the attributes 
of each icon can be modified by double 
~ clicking on it. Finally, menu items allow 
for special effects. Some of the menu 
items might have worked better as selec- 
table, items in the lower palette; the shad- 
ow and fountain effects in particular 
could have existed as icons. 

A balance must be struck when using 
palettes with menus to create and manip- 
ulate objects: too many icons become 
clutter, dramatically reducing their effec- 
tiveness as visual clues once you reach 
saturation. Since menu items are visible 
only on need, they simplify the on-screen 
environment but require additional mo- 
tion to activate. Balancing the two should 
depend on utility. The question of wheth- 
er or not a particular effect should be in- 
cluded in the permanent on-screen 
display should depend on how often it is 
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used. The interface used by the authors 
of Cricket Draw strikes an effective bal- 
ance between utility and. clutter. 

Cricket Draw contains a second mode 
of operation separate from the standard 
graphic mode, which increases its useful- 
ness dramatically. You can use Cricket 
Draw to speak directly to a PostScript 
device via a text editor to achieve Post- 
Script effects with no QuickDraw anal- 
ogy. This method of operation is entirely 
modal; that is, when using a PostScript 
window, you have a separate set of 
menus and tools at your disposal. The 
PostScript window is entirely text orient- 
ed. You can, however, translate graphics 
created in the draw window directly into 
text for further enhancements that can 
only be achieved by using direct Post- 
Script commands. 


Adobe Systems Inc. 

Adobe Illustrator 

Illustrator from Adobe Systems is an- 
other product with the goal of producing 
PostScript output. Its task model is simi- 
lar to Cricket Draw, but the two pro- 
grams differ in the production methods 
used as a model. While Cricket Draw 
uses the more structured approach of ob- 
ject-oriented graphics, Illustrator is relat- 
ed more to paint-type programs in its 
focus on freehand lines and curves and 
its ability to fill irregularly shaped areas 
(Figure 4). Illustrator allows the creation 
of freehand effects, previously attainable 


only in paint-type programs, to be 
achieved easily in PostScript. 

The main difficulty in displaying an 
image in PostScript is that the language 
requires a precise mathematical descrip- 
tion of the object being represented. 
Standard structured objects, such as 
squares and circles, are fairly simple to 
express in mathematical terms. Freehand 
lines and curves, however, are much 
more difficult to define because of the ir- 
regularities they may have. The problem, 
then, becomes how to mathematically de- 
fine an irregular curve or line and trans- 
late it into PostScript. Obviously it is too 
complicated to track the movements of a 
path drawn by a mouse and convert it 
into a mathematical expression. 

Adobe Systems chose to simplify the 
problem by allowing the user to define a 
path that is.reduced to a series of Bezier 
curves which are defined by setting an- 
chor points and specifying the length and 
direction of tangents to those points. 
While such an approach may sound com- 
plicated, Adobe’s triumph lies in creating 
an interface and tool that make creating 
the paths extremely intuitive. 

Illustrator is a tool to render bit- 
mapped images in a form that can be re- 
produced on a PostScript device. To 
facilitate this process, the image used as 
a model can be brought up in back- 
ground. Transforming the image from its 
original (digitized) form to PostScript re- 
quires that you trace it. Since most of the 


If he had only known... 
The Adobe Illustrator 
might have saved him !!! 


Figure 4. Irregular shapes drawn by Adobe Illustrator. 
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complexity of a bit-mapped image de- 
rives from the use of freehand shapes, 
the method of tracing freehand curves is 
critical to the smooth functioning of the 
program as a whole. 

The heart of the Illustrator program 
lies with the pen tool. The user specifies 
anchor points by clicking the tool on the 
screen and defines tangents by dragging 
the mouse in the desired direction. Illus- 
trator gives a visual representation of the 
length and direction of the tangent lines 
and allows them to be easily modified 
after the path has been created. Al- 
though there is technically no real-life 
counterpart to Illustrator’s pen tool, its 
use is intuitive because the implementa- 
tion of the interface is consistent with the 
model of the task used by Adobe. 

Using Illustrator as a tracing tool in- 
troduces the production model where the 
graphic artists are removed from the fi- 
nal production step. Anybody, regardless 
of artistic talent, can learn to use Illus- 


‘trator. Graphic artists need only produce 


a copy of their work in a form Illustrator 
can read for tracing, and Illustrator can 
reproduce it in a PostScript format. The 
limitations of the program in this pro- 
duction capacity are essentially those of 
the tool used to create the image. 
Mechanically, Illustrator shares a 
number of MacDraw-type interface de- 
vices; for example, it uses a tool palette 
and creates objects with handles in the 
graphics window. Creating an object is 
also similar in that you first select the 


tool, then draw the image. The model diz 


verges wildly at the point where you try 
to create anything more sophisticated 
than a predesignated shape. 

Boxes and circles are drawn in more or 
less the same way as in MacDraw; unlike 
MacDraw, however, you see the path- 
ways of an object on-screen, not the ob- 
ject itself. To view the graphics in 
something akin to their finished form, 
you need to flip over to a preview mode. 

To make the process somewhat easier, 
however, more than one window can dis- 
play the graphics. You can open a second 
window that is a duplicate of the draw- 
ing window and set it to preview. As you 
continue working in the draw window, 
the preview window is automatically up- 
dated. This is a very practical method of 
allowing you to use the strengths of Illus- 
trator as a tracing tool without entirely 
giving up the idea of seeing your work in 
its final form. 

Illustrator has other built-in short 
cuts, most of which require the use of the 
Option and Command keys and the 
space bar. These textures allow you to 
override tool selections so you can select 
and deselect objects without having to se- 
lect a separate tool. The elegance of this 
solution to the problem of switching from 
tool to select and then back to the same 
tool creates a remarkably fluid interface 


and is particularly handy when tracing a 
preexisting illustration. 

However, Illustrator’s interface breaks 
down in allowing spontaneous creativity. 
The interface is immediately cumber- 
some when used for something other 
than tracing illustrations. For instance, 
all of the objects can be filled or manipu- 
lated via a dialogue box. Rather than 
simply double clicking on the object you 
intend to manipulate to get the dialogue 
box, Illustrator requires you to select the 
object, call up the dialogue box via the 
menu, and fill in various dialogue entries. 
This awkward trail of events is not par- 
ticularly noticeable when you are tracing 
illustrations but becomes tedious if you 
are simply playing around with ideas. 

While Illustrator provides simple 
methods of creating similar effects, the 
mechanics are no easier than in Mac- 
Draw. Each element of the effect must 
be created individually. Thus, a tailing 
shadow requires the initial object be du- 
plicated a number of times, with each 
element of the shadow filled in incre- 
mental shades. 

Illustrator’s emphasis is not on cre- 
ative illustration but on the ability to 
trace predrawn images. Tracing an im- 
age is relatively quick and painless. 
Drawing something from scratch is gen- 
erally more difficult than using another 
program—particularly Cricket Draw. 
The conceptual model behind Illustrator 
is clearly that it be used as a tracing de- 
vice, the last step in a graphic 
production. 

A specific need for this type of produc- 
tion-specific application is for it to be- 
come sensible because the interface 
follows function. If you approach this 
type of program with a production meth- 
od other than that envisioned by its de- 
signers, you will find yourself fighting 
the interface. Illustrator is a fine exam- 
ple of a program that fulfills its basic 
conceptual notion and is particularly use- 
ful for a production method derived from 

_ a team approach to graphic production. 


LaserWare Inc. 

LaserPaint 

LaserPaint is an example of what can go 
wrong when intuition is ignored in favor 
of features in an interface. Although the 
program is extremely powerful and al- 
lows almost any effect to be created in 
either bit-map or PostScript form, the in- 
terface is so bizarre it actually hinders 
both the creative and productive 
processes. 

The designers of LaserPaint no doubt 
had a great deal of fun in creating the 
program’s interface, and at first glance 
the user may be charmed by the sheer 
goofiness of its implementation. The in- 
terface resembles some strange machine 
from a bad science fiction film of the 
early ‘SOs. 


Each of the program’s modes are en- 
tered by pressing graphically represented 
buttons on a control panel. Line widths 
and spacing are controlled with, of all 
things, animated thumb wheels. As the 
user activates the wheel, the numbers 
slowly change, just as if a wheel were be- 
ing turned in real life. You want a large 
line width? Keep spinning that wheel un- 
til the number comes up. 

The user’s view of the page is con- 
trolled with an on-screen joystick that 
you click on to move the page around. 
Working with this program is like trying 
to operate some huge mechanical device, 
like those arcade machines that use a, 
metal claw to pick up stuffed animals. 

With so many powerful features why 
does this program fail? The first problem 
is that the programmers used no real-life 
or conceptual model for their interface. 
If this program’s interface were translat- 
ed to real life, the result would be a ma- 
chine with dozens of buttons, levers, and 
knobs; a mechanical drawing arm, and a 
small porthole for viewing the results. 

The second problem is the extreme 
modality of the program. The basic tenet 
of the Macintosh interface is that the 
program should be responsive to the user 
and to events. While this is a fairly ideal- 
ized notion, programs that adhere to 
such an interface have a fluidity and in- 
tuitiveness reminiscent of how people 


are grouped together, no menu command 
exists as in most other programs. The 
user must select a disassembly tool, 
which is represented by a torturously de- 
rived jigsaw-puzzle icon. The only real- 
life tool that comes to mind for such a 
concept is a sledgehammer. 

A full description of LaserPaint would 
take up too much room for this reveiw. 
The tutorial for the program alone takes 
160 pages of densely packed information. 
A few examples of how objects are ma- 
nipulated in LaserPaint should be suffi- 
cient to indicate how the interface is 
constructed. 

When the program comes up, you are 
confronted with three distinct windows: a . 
tool window, a control panel, and a draw- 
ing environment. The control panel is the 
primary interface device. It contains a 
series of icons and push buttons. The 
push buttons are used to bounce from 
one part of the program to another. To 
put a block of text in the drawing win- 
dow, you press the W button; to paint, 
you press the P button. 

Icons throughout the program have a 
graphic clue as well as specific text. To 


FULL AT&T C++ for half the price of our competitors! 


Guidelines announces its port of version 1.1 of AT&T’s C++ translator. As an 


object-oriented language, C++ includes: 
constructors and destructors, data hiding, and data abstraction. 


classes, inheritance, member functions, 
‘Object-oriented’ 


means that C++ code is more readable, more reliable and more reusable. And that 
means faster development, easier maintenance, and the ability to handle more 


complex projects. 


C++ is Bell Labs’ answer to Ada and Modula 2. C++ will 


more than pay for itself in saved development time on your next project. 


C++ 


from GUIDELINES for the IBM PC: $195 


Requires IBM PC/XT/AT or compatible with 640K and a hard disk. 
Note: C++ is a translator, and requires the use of Microsoft C 3.0 or later. 


Here is what you get for $195: 
The full AT&T v1.1 C++ translator. 


Libraries for stream I/O and complex math. 
"The C++ Programming Language", the 
definitive 327-page tutorial and description 
by Bjarne Stroustrup, designer of C++. 


Sample programs written in C++. 
Installation guide and documentation. 
30 day money back guarantee. 


To order: 
send check or money order to: 


GUIDELINES SOFTWARE 
P.O. Box 749 
Orinda, CA 94563 


To order with Visa or MC, 
phone (415) 254-9393. 
(CA residents add 6% tax.) 


C++ is ported to the PC by Guidelines under license from AT&T. 
Call or write for a free C++ information package. 
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Dbasex 


programming tools 


*Clipper, FoxBASE+, 
dBASE, QuickSilver 


The Ul Programmer 


Ul is the first professional code generator; we 
wrote UI for programmers who want to automate 
their work but cannot use code that is ‘almost’ 
good enough. If your user interfaces include 
bounce-bar menus, pop-up help screens and 
the other features of today's best programs, you 
will gain an order of magnitude in productivity 
with Ul. 


Ul is a second generation, programmable pro- 
duct — so your code comes out your way. 
Application specific edits, for instance, can be 
placed in the UI ‘template’ which controls the 
generation. Edit the screen appearance until it 
‘looks and feels’ perfect. Everytime you generate 
code, your special logic is preserved. 


Speaking of editing the screen, UI includes a 
powerful, 3-D screen editor, so you can draw 
pop-up help boxes over your pull-down menus, 
over your application. 


The Documentor 


To run Doc, you just tell it the name of the main- 
line routine and make sure your printer has a lot 
of paper! (Sure, you can have the output go to 

the screen or a file, too.) 


You can tailor your documentation to include any 
or all of: a table of contents, system tree diagram 
(main line is the root), hierarchy (box diagram) 
charts for each module, action diagrams (modern 
style flow charts) for each PRG or procedure, 
DBF listings (structure, indexes, more), where 
used/updated listings for fields and all variables 
— by module and by line number within each 
module. 


Our written money-back satisfaction guarantee 
set a new standard when we began it in 1985. 
(Return rate to date: 0.6% and dropping!) No 
copy protection, royalties or other nonsense. 


Suggested retail: $295 each, (800) support 
included. At your dealer today. Call us for a very 
special offer on our latest release! (800) 233- 
3569 or, in NY, (212) 406-7026. 


~ WallSoft 


The Computer Aided Software 


Engineering Corporation 
233 Broadway, Suite 869, New York, NY 10279 
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call the little boxes with both graphics 
and text icons does a disservice to the 
concept of icons: a sign that stands for its 
object by virtue of a resemblance or 
analogy to it. While the little graphic de- 
vices in LaserPaint use some pictorial 
representation, the sheer magnitude of 
their use is overwhelming. For an icon to 
work, its logical resemblance or analogy 
to its function must be clear and obvious. 

The inclusion of icons was intended to 
universalize programs by using icons 
rather than text to represent ideas. The 
lesson from LaserPaint is obvious: if you 
you must include text in your iconogra- 
phy, rethink the design. 

Some of the icons in the control panel 
work to the extent that the objects them- 
selves are graphic representations of real- 
life-objects. For example, the push 
buttons, a lock, a thumb wheel, a slide, 
and a joystick are all readily discernible 
as real-life objects. What these devices 
do is not immediately apparent but can 
be learned quickly. 

As already mentioned, pushing the W 
button flips you into the writing mode. 
The writing panel appears complete with 
14 icons and two thumb wheels. Leading 
and kerning are handled through thumb- 
wheels; text size, for space reasons, is 
handled via an icon. 

It would seem that to be consistent 
within the mad world of the LaserPaint 
interface, text size should also be con- 
trolled with a thumb wheel. The text 
font, style, and size icons are redundant, 
given that there are also equivalent 
menus. In addition, cut, copy, and 
paste—possibly the three most common 
menu items in the Macintosh world—are 


Macintosh graphics programs 


Comic Strip Factory—$89.95 
Foundation Publishing Inc. 
10301 Yellow Circle Dr. 
Minneapolis, Minn. 55343 
(612) 935-4230 


ComicWorks—$79.95 
GraphicWorks—$149.95 (updated version) 
Mindscape 
3444 Dundee Rd. 
Northbrook, Ill. 60062 
(312) 480-7667 


Cricket Draw—$295 
Cricket Software 
The Great Valley Corporate Center 
30 Valley Stream Pkwy. 
Malvern, Pa. 19355 
(215) 251-9890 


included as icons as well as in the stan- 
dard menu configuration. 

We now press the pattern scanner icon 
in the control panel. A modal box ap- 
pears with patterns to select from. Once 
you have selected a pattern, you leave 
the pattern scanner mode not by clicking 
on a go away button, an OK button, or 
even the graphics window, but by click- 
ing on (within the pattern dialogue box) 
an icon of an open door with an exit sign 
above it. 

The output from LaserPaint is impres- 
sive, and several tricky PostScript effects, 
such as binding text to a path, are visible 
right on the screen. The question thus 
becomes, “Are the effects worth the 
struggle necessary to achieve them?” The 
answer must be based on how likely the 
user is to fight the machine on a regular 
production basis. Since other programs 
are capable of the same effects, it seems 
doubtful that anyone would want to sub- 
ject themself to the program’s interface 
if he or she had to produce artwork on a 
regular basis. 

LaserPaint stands as a perfect example 
of the importance of designing an intu- 
itive interface: all the tricky program- 
ming in the world is meaningless if the 
final product does not increase the user’s 


productivity. rs | 


Carl Cox is a writer and computer- 
generated graphics consultant, based in 
San Diego, Calif. 


Duff Caldewey is co-owner and senior ~—~ 


programmer for Button-down Software, 
which produces applications exclusively 
for the Macintosh. 


Adobe Illustrator-—$495 
Adobe Systems Inc. 
1585 Charleston Rd. 
Mountain View, Calif. 94039 
(415) 852-0271 


LaserPaint—$495 
LaserWare Inc. 
P.O. Box 668 
San Rafael, Calif. 94915 
(415) 453-9500 


SuperPaint—$149.95 
Silicon Beach Software 
9580 Black Mountain Rd. 
Ste. E 
P.O. Box 261430 
San Diego, Calif. 92126 
(619) 695-6956 


WINDOWS —MENUS — DATA ENTRY—SCREENS 


HI-SCREEN XL" 


If you program, you must try HI-SCREEN XI ! 


HI-SCREEN XI is the only tool that gives you all of the following 
(and much more) whatever programming language you use: 


© Unlimited number of screens & © Scrolling capability 

windows © Full-featured WYSIWYG screen 
© Overlapping windows for menus, _ editor : 

data entry, help screens © Redefinable function keys - 


¢ Pull-down, pop-up and Lotus-style © o test mode under the 


menus 
¢ Online help management © True ease of use, and .. . 
Field checking (for type, range, © Ease of maintenance: modify 
format...) screens without recompiling 
Field by field and/or full screen your program. 
input modes 


+ 


Includes the HI-SCREEN XZ Toolbox: 
Capture existing screens from other applications 
e Trace compiled programs 
© Print screens with clear data field description 
© Use screens/windows/menus from DOS and Batch files 
© Create titles & logos with predesigned font screens 


Softway, Inc. 
PC/Soft Product Line 

500 Sutter St., Suite 222 
San Francisco, CA 94102 


$149 - Risk Free 


Visa, M/C welcome 
Call (800) 338-2852 
in CA (415) 397-4666 


For PASCAL, C, dBASE, BASIC, COBOL, FORTRAN 
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WRITE FOR 
COMPUTER 
LANGUAGE 


January: 


Design Methodologies 
. Deadline:.October 1, 1987 


\ February: C 


Deadline: November 1, 1987 


April: Debugging 
Deadline: December 15, 1987 


Send your proposal, outline, 
or draft to:. 
Regina Starr Ridley 
Editor N 
COMPUTER LANGUAGE 
500 Howard St. . 
San Francisco, Calif. 94105 


NEW! 
FASTER THAN EVER! 
DeSmet C v3.0 


FASTER C DEVELOPMENT 


Invoke the DeSmet C compiler from the SEE'™ full screen editor and 
the first error will return you immediately to SEE at the error line with 
the error message displayed. 


FASTER COMPILATION 


When you don't use inline assembly code or don't want to see the 
ASM88 output, the V3.0 compiler produces object code directly - 
making DeSmet C up to twice as fast as before. 


PLUS EXPANDED STANDARD LIBRARY 


Networking, path, file, time, enhanced string functions, environment 
support now included. 


FULL FEATURES WITH EVERY PACKAGE 
— ONLY $109 —— 


C Compiler, Assembler, Binder, Librarian, Execution Profiler, Overlays, 
8087 and S/W Floating Point, Full STDIO Library and Full Screen Editor 
(SEE). Debugger and Large Case options available at $50 each. 


C Ware Corporation 
P.O. Box 428, Paso Robles, CA 93447 
Phone: (805) 239-4620 Telex: 358185 BBS: (805) 239-4834 
We accept VISA, MC & AMEX. Call now and we'll ship today. 
Street Address: 945 Spring #14, Paso Robles, CA 93446 


Now you can use QPARSER+ to develop com- | 
pilers, interpreters, complex user-interfaces, language } 
1 & file format translators (i.e. Pascal to C, Bit Map 
ito Postscript), language debuggers like lint, etc.. 


Develop language translators in C and Pascal | 


j within the IBM PC/XT/AT or VAX/VMS environments. ] 
#A new user manual, automated syntax tree con- 
i struction and an advanced code generation language 
! are just a few of the improvements over the original | 


LIKE ,WES SO 

PS TOTALLY PAD, 

Wieser, \ Y'KNOW? 
— 


1 Another translation by QPARSER: | 


: Just $475 (pcomat) — FREE demo disk available 


I QCAD Systems I 
1164 Hyde Ave., San Jose, CA 95129 (408) 995-6884 
L Woe Gtiside Gait cal TOL ence (800) 598.9787, 
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Programmer's Paradise Gives You Superb Selection, 
Personal Service and Unbeatable Prices! 


Welcome to Paradise. The microcomputer software source that caters to your programming needs. 
Discover the Many Advantages of Paradise... 


e Lowest price guaranteed 
e Latest versions 
Corporate Buyers— 


f cial 
‘all for speci oe 
proatiic and benefits 


LIST 
386 SOFTWARE 
ADVANTAGE 386 C 895 
ADVANTAGE 386 895 
PC-MOS 386 CALL 
PHARLAP 386|ASM/LINK 495 
VM/386 195 


386 MICROPORT COMPLETE SYSTEM 799 
386 DOS/MERGE 345 
386 SCO COMPLETE XENIXSYSV_ 1495 


ARTIFICIAL INTELLIGENCE 


ACTIVE PROLOG TUTOR 65 
ARITY COMBO PACK 1095 
ARITY PROLOG INTERPRETER 295 
ARITY STANDARD PROLOG 95 
CHALCEDONY PROLOG 100 
GOLDEN COMMON LISP 495 
GCL 286 DEVELOPER 1190 
INSIGHT 2 + 485 
IQCLISP 300 
MICROSOFT LISP 250 
PC SCHEME 95 


PROLOG 86 PLUS 250 
PROLOG PROFESSIONAL COMPILER 895 
SMALLTALK V 99 


TRANS LISP 95 
TRANS LISP PLUS 195 
TURBO PROLOG 100 
TURBO PROLOG TOOLBOX 100 
VP EXPERT 100 
ASSEMBLERS/LINKERS 
ADVANTAGE DISASSEMBLER 295 
ADVANTAGE LINK 395 
ASMLIB 149 
DR ASSEMBLER + TOOLS 200 
MICROSOFT MACRO ASSEMBLER —_ 150 
PASM86 195 
PLINK86PLUS 495 
RELMS CROSS ASSEMBLERS CALL 
UNIWARE CROSS ASSEMBLERS ~—- CALL 
VISIBLE COMPUTER: 8088 80 
VISIBLE COMPUTER 80286 100 
BASIC 
BETTER BASIC 199 
FINALLY! 99 
FLASH-UP 39 
INSIDE TRACK 65 
MACH 2 6 
MS QUICKBASIC 99 
PEEKS & POKES 45 
QBASE 89 
QUICK-TOOLS 130 
QUICKPAK 69 
SCREEN SCULPTER 125 
STAY-RES 95 
STRUBAS 495 
TRUE BASIC 100 
TURBO BASIC 100 
DATABASE TOOLBOX 100 
EDITOR TOOLBOX 100 
TELECOM TOOLBOX 100 
C++ 
ADVANTAGE C+ + 495 
PFORCE ++ 395 
C COMPILERS 
AZTEC C-COMMERCIAL 499 
AZTEC C-DEVELOPERS 299 
C86PLUS 497 
DATALIGHT C DEVELOPER KIT 99 
DATALIGHT OPTIMUM-C 139 
HIGH C 595 
LATTICE C 500 
z 5 
MICROSOFT C 450 
QUICK C 99 
TURBO C 100 
C INTERPRETERS 
C-TERP 300 
INSTANT C 500 
C 120 


RUN/| 
RUN/C PROFESSIONAL 250 


LIST 
C LIBRARIES 
ASYNCH MANAGER 175 
BASIC__C 175 
C-FOOD SMORGASBORD 150 
W/SOURCE CODE 300 
C TOOLS PLUS 175 
C UTILITY LIBRARY 185 
C-XPERT 295 
ESSENTIAL COMMUNICATIONS 185 
COMMUNICATIONS PLUS 250 
GREENLEAF FUNCTIONS 185 
GREENLEAF COMM LIBRARY 185 
GREENLEAF SAMPLER (TURBOC) 100 
MULTI-C 149 
PFORCE 295 
THE HAMMER 195 
TIMESLICER 295 
W/SOURCE CODE 1000 
TURBO C TOOLS 129 
COBOL 
COBOLSPII 395 
FPLIB 149 
MICRO FOCUS COBOL PRODUCTS CALL 
MICROSOFT COBOL 700 
MICROSOFT SORT 195 
OPT-TECH SORT 149 
REALCICS 995 
REALIA COBOL 995 
W/REALMENU 1145 
RM/COBOL 950 
RM/COBOL-85 1250 
SCREENIO 400 
SCREENPLAY 175 


MACINTOSH PRODUCTS 
APL*PLUS/PC 595 = 429 
BASIC COMPILER 195 139 


BASIC INTERPRETER 99 
CHALCEDONY PROLOG 100 
CONSULAIR MAC C (MAC II) 600 
FORTRAN COMPILER 295 
LIGHTSPEED C 175 
LIGHTSPEED PASCAL 125 
MAC CJR. 80 
MAC PROLOG 395 
MACTRAN 77 199 
MASTERFORTH 350 
MACNOSY V2 90 
TURBO PASCAL 100 
ZBASIC 


DBASE TOOLS 


CLIPPER 695 
DBASE III PLUS 695 
DBASE TOOLS FOR C 80 
DBASE GRAPHICS FOR C 80 
DBRIEF 95 
DBC IIL 250 
DBC III PLUS 750 
DBXL 139 
DBPOWERPAK III 100 
DB/RA 200 
DOCUMENTOR 295 
FOXBASE PLUS 395 
GENIFER 395 
QUICKCODE III PLUS 295 
QUICKSILVER 599 
TOM RETTIG’S LIBRARY 100 
UI PROGRAMMER 295 
DEBUGGERS 

386 DEBUG 195 
ADVANCED TRACE-86 175 
BREAKOUT 125 
CSD DEBUGGER 75 
C-SPRITE 175 
PERISCOPE I 345 
PERISCOPE II 175 
PERISCOPE II-X 145 
PERISCOPE III 8 MHZ 995 
PERISCOPE III 10 MHZ 1095 


e Huge inventory, immediate shipment 
e Knowledgeable sales staff 


~ We'll Match Any 
Nationally Advertised Price 


OURS 


@ Special orders 
e 30-day money-back guarantee* 


LIST OURS 

PFIX 86 PLUS 395 225 
SOFTPROBE II/TX 750 715 
XVIEW86 60 49 
DISK/DOS/KEYBOARD UTILITIES 
BACK-IT 100 89 
BOOKMARK 100 79 
COMMAND PLUS 80 69 
FASTBACK 175 «129 
INTELLIGENT BACKUP 150 135 
KEYWORKS ADVANCED 299 239 
NORTON COMMANDER 75 55 
NORTON UTILITIES 100 59 
ADVANCED NORTON UTILITIES 150 89 
PDISK 145 89 
Q-DOS II 70 59 
QUAID ANALYZER 99 89 
TASKVIEW 80 59 
FILE MANAGEMENT 
ASMTREE 395 339 
BTRIEVE 245 185 
XTRIEVE 245 «185 
REPORT OPTION 145 99 
BTRIEVE/N 595 455 
XTRIEVE/N 595 455 
REPORT OPTION/N 345 269 
C-TREE 395 315 
R-TREE 295 239 
C-TREE/R-TREE BUNDLE 650 519 
DBC Ill 250 169 

W/SOURCE CODE 500 359 
DBC III PLUS 750 595 
DBVISTA 195 129 
FABS PLUS 195 169 
INFORMIX ESGL/C 595 CALL 
INFORMIX 4GL 995 CALL 
INFORMIX SQL 795 CALL 
PHACT MANAGER 249 «4219 
EDITORS 
BRIEF 195 CALL 

W/DBRIEF 275 CALL 
CVUE W/SOURCE CODE 250 199 
EDIX 195 155 
EMACS 295 265 
EPSILON 195 149 
FIRSTIME (C) 295 229 
KEDIT 125 99 
PC/EDT 250 229 
PC/VI 149° 109 
PMATEPRO 195 109 
SPF/PC 195 145 
VEDIT PLUS 185 129 
XTC 99 79 
FORTRAN COMPILERS 
LAHEY FORTRAN 477 CALL 
LAHEY PERSONAL FORTRAN 77 95 89 
MICROSOFT FORTRAN 450 269 
RM/FORTRAN 595 399 
WATFOR FORTRAN 375 335 
FORTRAN 77 350 319 
FORTRANUTILITIES/LIBRARIES 
ACS TIME SERIES 495 389 
DIAGRAM’ER : 129 «115 
DOCUMENT’ER 129 «115 
DIFF-E-Q 495 445 
FORTLIB 125) ~ 109, 
FORTRAN ADDENDA 165 139 
FORTRAN ADDENDUM 95 85 
GRAFLIB 175 169) 
GRAFMATICS 1357 elt) 
MATHPAC 495 445 
NO LIMIT 129 «115 
PLOTMATICS ieky ik) 
SSP/PC 350 269 
GRAPHICS 
ADVANTAGE GRAPHICS (C) 250 225 
ESSENTIAL GRAPHICS 250 185 
GRAPHIC 350 285 
GSS GRAPHIC 

DEVELOPMENT TOOLKIT 495 375 
HALO 300 205 


LIST OURS 


HALO (5 MICROSOFT LANG.) 595 389 
HALO TEN FONT PACK 100 79 
METAWINDOW 195 159 
METAWINDOW PLUS 3 275 = 229 
TURBOWINDOW/C 95 79 
TURBO HALO (FOR TURBO C) 100 79 
LINT 
PC-LINT 139 99 
PRE-C 295 155 
MODULA-2 
FARBWARE MODULA-2 90 79 
LOGITECH MODULA-2 
APPRENTICE PACKAGE 99 (h) 
WIZARD PACKAGE 199 159 
MAGIC TOOLKIT. 99 79 
WINDOW PACKAGE 49 39 
ROM PACKAGE AND CROSS 
RUNTIME DEBUGGER 299 239 
REPERTOIRE 89 15 
OPERATING SYSTEMS 
MICROPORT: 
286 DOS MERGE 149 125 
SYSTEM V/AT (COMPLETE) 549 475 
RUNTIME SYSTEM 199 169 
SOFTWARE DEVELOPMENT 
SYSTEM 249 209 
TEXT PREPARATION SYSTEM 199 189 
Se LICENSE KIT 249 209 
XENIX SYSTEM V(COMPLETE) 1295 995 
DEVELOPMENT SYSTEM 595 499 
OPERATING SYSTEM 595 499 
TEXT PROCESSING PACKAGE 195 145 
WENDIN: 
OPERATING SYSTEM TOOLBOX 99 79 
PCVMS 99 79 
PCNX 99 79 
WENDIN-DOS 99 79 
WENDIN-DOS APPLICATION 99 79 
PASCAL COMPILERS 
ADVANTAGE 386 PASCAL 895 805 
MARSHALL PASCAL 189 155 
MISCROSOFT PASCAL 300 185 
PASCAL-2 350 329 
TURBO PASCAL 100 65 
PROFESSIONAL PASCAL 595 CALL 
TURBO PASCAL ADD-ONS . 
ALICE 95 69 
DOS/BIOS & MOUSE TOOLS 5) 69 
FIRSTIME 1) 59 
FLASH-UP 89 79 
FLASH-UP TOOLBOX 49 45 
GSI PASCAL DEBUGGER 50 45 
INSIDE TRACK 65 55 
MACH 2 75 59 
METRABYTE DATA ACQ. TOOLS 100 89 
PASCAL HELPER 80 15 
PEEKS & POKES 45 39 
SCIENCE AND ENGIN. TOOLS 10) 69 
SCREENPLAY 175 129 
SCREEN SCULPTOR 125 95 
SYSTEM BUILDER 150 129 
IMPEX 100 89 
REPORT BUILDER 130-115 
TP2C 249 199 
TURBO*ASM 99 69 
TDEBUGPLUS, 60 49 
TURBO ASYNCH PLUS 100) 79a 
TURBO EDITOR TOOLBOX 70 ~~45 
TURBOEXTENDER 85 65 
TURBO GRAPHIX TOOLBOX 70 45 
TURBOHALO 129 99 
TURBOMAGIC 99 89 
TURBO MASTER 125 99 
TURBO NUMERICAL METHODS 100 65 
TURBO OPTIMIZER 75 65 
TURBO POWER TOOLS PLUS 100 79 
TURBO PROFESSIONAL 70 49 
TURBOPOWER UTILITIES 95 79 
TURBOWINDOW/PASCAL 95 79 


UNIVERSAL GRAPHICS LIBRARY 150 119 


NEW PRODUCTS 


PMATEPRO— Phoenix's fully customizable full 
screen editor now does file editing limited only by 
memory, And its unique text storage method allows 
movement of the cursor to the end of the file in- 
stantaneously. PMATEPRO includes support for 
user-definable overlapping windows, keyboard re- 
mapping, and FORTRAN and c-specific macros. 

List $195 Ours: $109 


PHACT-MANAGER— An ISAM database record 
manager with over 2,000 licenses in the field, under 
DOS, VAX and UNIX systems. And now a tremen- 
dous bargain. Phact-Manager now includes Phact 
dbrm, query, report, and full “C” source code, yet 
lists at $249. Ours: $219 


ADVANTAGE VCMS —A powerful version control 
management system needed for any ongoing soft~ 
ware development project. ADVANTAGE VCMS 
maintains a complete revision history in data com- 
pressed files. A powerful report generator is 
provided for selective queries. The tools and utilities 
included can be accessed through an easy-to-use, 
full-screen menu-driven shell. Additionally, a make 
utility, designed to work together with ADVANTAGE 
VCMS is included. 

List: $379 Ours: $329 
THE KORN SHELL — A direct part of The Popular 
UNIX System V KSH command line interpreter used 
throughout AT&T and Bell Laboratories. Some of 
the Korn Shell’s features are built-in command line 
editing, command re-entry and command aliasing 
available for either XENIX or UNIX. 


List: $125 Ours: $115 
PROFILERS fi 
CODESIFTER 119 85 
PFINISH 395 225 
THE PROFILER 125 89 
THE WATCHER 60 55 
SCREEN DISPLAY/WINDOWS 
C POWER WINDOWS 130 115 
C-SCAPE 279 CALL 
CURSES W/SOURCE CODE 250 169 
FORMAKER 495 CALL 
GREENLEAF DATA WINDOWS 225 155 
W/SOURCE CODE 395 289 
JAM 750 CALL 
MICROSOFT WINDOWS 99 65 


MS WINDOWS DEVELOPMENT KIT 500 309 


LIST OURS LIST OURS 
PANEL 295 199 LIGHT TOOLS FOR DATALIGHTC 100 79 
PANEL PLUS 495 395 PASCAL TOOLS 125 99 
QUICKSCREEN 195 175 PSACAL TOOLS 2 100 79 
VITAMIN C 225 165 PASCAL TOOLS & TOOLS 2 175 135 
VC SCREEN 99 85 RUNOFF TEXT FORMATTER 50 45 
WINDOWS FOR C 245 189 TURBO ASYNCH PLUS 100 79 
WINDOWS FOR DATA 395 315 TURBO C TOOLS 129 99 
VIEW MANAGER 215) 199) TURBO POWER TOOLS PLUS 100 79 
ZVIEW 245 169 VIEW MANAGER 275 «199 
TRANSLATORS BORLAND 
BAS__C (ECONOMY) 199 169 EUREKA EQUATION SOLVER 100 65 
BAS__C (COMMERCIAL) 375 +319 REFLEX & REFLEX WORKSHOP 200 129 
BAS__PAS (ECONOMY) 149 125 REFLEX DATA BASE SYSTEMS 150 89 
BAS__PAS (COMMERCIAL) 280 239 REFLEX WORKSHOP 70 45 
BASTOC 495 399 SIDEKICK & TRAVELING SIDEKICK 125 85 
BASTOC (BASICA VERSION) 795 639 SIDEKICK 85 59 
DB2C 299 CALL TRAVELING SIDEKICK 70 45 
DBXTRANSLATOR 350 299 SUPERKEY 100 65, 
PTRAL 179 CALL TURBO BASIC COMPILER 100 65 
RTC PLUS 325 289 TURBO DATABASE TOOLBOX 100 65 
TP2C 249 «4199 TURBO EDITOR TOOLBOX 100 65 
TURBO TELECOM TOOLBOX 100 65 
ADDITIONAL LANGUAGES TURBO C COMPILER 100 65, 
ACTOR 495 419 TURBO JUMBO PACK 300 219 
APL * PLUS/PC 595 429 TURBO LIGHTNING 100 65 
HS/FORTH 395 359 TURBO PASCAL 100 65 
JANUS/ADA C PACK 95 89 TURBO PASCAL AND TUTOR 125 85 
LATTICE RPG II COMPILER 750 629 TURBO TUTOR 40 29 
SCREEN DESIGN AID 350 309 TURBO PASCAL NUMERICAL 
SOURCE ENTRY UTILITY 250 199 METHODS TOOLBOX 100 65 
SORT/MERGE UTILITY 250 199 TURBO PASCAL DATABASE 
MASTER FORTH 125 115 TOOLBOX 70 45 
PC/FORTH 150 109 TURBO PASCAL EDITOR TOOLBOX 70 45 
PERSONAL REXX 125 99 TURBO PASCAL GAMEWORKS 
POCKET APL 95 79 TOOLBOX 70 45 
THE WEINER SHELL 199 179 TURBO PASCAL GRAPHICS , 
TOOLBOX 70 45 
ADDITIONAL PRODUCTS TURBO PROLOG COMPILER 100 65 
ADVANTAGE VCMS 379 329 TURBO PROLOG TOOLBOX 100 , 65 
DAN BRICKLIN’S DEMO PROGRAM —s75 59 WORD WIZARD 7 49 
DAN BRICKLIN’S DEMO TUTORIAL 50 45 WORD WIZARD AND 
FAST FORWARD 70 59 TURBO LIGHTNING 150 95 
FLOW CHARTING II 229 205 
HELP/CONTROL 125 99 DIGITAL RESEARCH . 
LINK & LOCATE 350 315 CB 86 600 539 
NORTON GUIDES 100 65 PASCAL MT + 400 359 
NS CHARTS 450 405 PL1_86 750 675 
ON-LINE HELP 149 99 DR ASSEMBLER + TOOLS 200 179 
SAPIENS V8 300 269 ACCESS MANAGER 400 359 
SET: SCIL 349 319 DISPLAY MANAGER 500 449 
SOFTSCREEN HELP 195 149 FORTRAN 77 350 319 
SOURCE PRINT 95 75 
TEXT MANAGEMENT UTILITIES 120 89 LATTICE 
TREE DIAGRAMER 77 69 LATTICE C COMPILER 500 265 
VENTURA PUBLISHER 895 625 W/SOURCE CODE 900 495 
C CROSS REFERENCE GENERATOR 50 39 
BLAISE W/SOURCE CODE 200 139 
ASYNCH MANAGER 175 «135 C-FOOD SMORGASBORD 150 95 
C TOOLS PLUS 175 «135 W/SOURCE CODE 300 179 
EXEC PROGRAM CHAINER 95 75 C-SPRITE 175i ado 


LIST OURS LIST OURS 
CURSES SCREEN MANAGER 125 89 PHOENIX 
W/SOURCE CODE 250 169  PASM86 195 109 
CVUE 75 59  PDISK 145 89 
W/SOURCE CODE 250 199  PFANTASY PAC 995 599 
DBC I/II 250 169  PFINISH 395 225 
W/SOURCE CODE 500 359  PFIX86PLUS 395 225 
DBC III PLUS 750 595  PFORCE 395 225 
W/SOURCE CODE 1500 1185  PFORCE++ 395 225 
LMK 195 139 PLINK86PLUS 495 299 
LSE 125 99 PLOCATE CALL CALL 
RPG II COMBO 1100 875 PMAKER 12579 
RPG II COMPILER 750 629  PMATEPRO 195 109 
RPG II SEU 250 199  PRE-C 295 155 
RPG II SORT/MERGE 250 199 PTEL 195 109 
RPG II SCREEN DESIGN AID 350 309 
SECRETDISK 120 89 POLYTRON 
SIDETALK 120 89 POLYBOOST 80 69 
SSP/PC 350 269 POLYDESKIII 99 85 
TEXTMANAGEMENT UTILITIES 120 89 POLYDESK III ARCHIVIST 50 45 
TOPVIEW TOOLBASKET 250 179 POLYDESK III CRYPTOGRAPHER 50 45 
W/SOURCE CODE 500 359 POLYDESK III TALK 70 59 
POLYLIBRARIAN 99 85 
LIFEBOAT POLYLIBRARIAN II 149-125 
ADVANTAGE 386 C 895 805  POLYMAKE 149-125 
ADVANTAGE 386 PASCAL 895 805  POLYSHELL 149 125 
ADVANTAGE C+ + 495 479  POLYTRON C BEAUTIFIER 49 45 
ADVANTAGE DISASSEMBLER 295 265  POLYTRON C LIBRARY I 99 85 
ADVANTAGE GRAPHICS 250 225  POLYXREF 219 189 
ADVANTAGE LINK 395 359  POLYXREF ONE LANGUAGE 129 109 
ADVANTAGE MAKE 125 99 PVCSNETWORK 1000 CALL 
ADVANTAGE VCMS 379 329  PVCSCORPORATE 395 335 
PANEL 295 199  PVCSPERSONAL 149 125 
PANEL PLUS 495 395  PVMFM 199 155 
QUICKSCREEN 195 175 
RUN/CPROFESSIONAL = 250188 
UN/ 250 155 
THVROURCE CODE oo | AN 
ADVANTAGE C+ + 695 CALL 
MICROSOFT 
MS BASIC COMPILER (XENIX) 695 419 | CER 
MS BASIC INTERPRETER (XENIX) 350 209 MIX 
MS C COMPILER 450 269 eens 
MS COBOL COMPILER 700 439 MRO CO rE LANGUAGES 
FOR XENIX 995 609 | Bane US 
MS FORTRAN 450 269 |oAeae OLS 
FOR XENIX 695 419 /COBOL 
MS LEARNING DOS 50 39 | RM/FORTRAN 
Ms MACRO ASSEMBLER 130 be 
1 95 
MS MOUSE BUS VERSION 175i 19; cae ce Soonae 
MS MOUSE SERIAL VERSION 195 125 
ESTIMA 198 122 AZTEC DEVELOPERS 299 269 
SE ON Hg 8 300 185 PRMICE AMIGADOS COMPILER 225. 179 
FOR XENIX 695 419 
MS Quick BASIC COMPILER 98-419 LATTICE PRO AMIGA C COMPILER 375 299 
Weare $8 63. MODULA TI REG 90 75 
eae 132-188. MODULA TIDEV 150 125 
eS uOrS gee Zoe. TRUE BASIC 100 79 
MS WINDOWS DEVELOPMENT KIT 500 309 


Windows for Data 


Build a state-of-the-art user interface into your user program. 
Complete system for building and managing menus, data-entry 
forms, user help and text files in a windowing environment. Begins 
where others end. Features include: Field entry from lists of 
choices, scrollable regions for entry of a vari- 
able number of line items, nesting and branch- 


debugging system. List $395 Ours $315 


Essential Communications Plus 
A C library plus debugger stressing reliability and ease of use. It 
enables speeds to 9600 baud with XON/XOFF and XMODEM 
support. It includes a thorough manual with tutorial and easy-to- 
follow examples and demos. The debugger turns your PC into a 


sophisticated line monitor while an internal editor ~“manager, make facility. The libraries in Quick C support ANSI 


enables you to create, send or capture data, save 
it to a file, compute checksums or edit it in Hex 
or ASCII. List $250 Ours $189. 


PforCe 


PforCe is a pre-coded optimized object-oriented toolkit of over 400 
routines for C programmers. It includes data bases with B-trees, 
windows, interrupt-driven communications, string handling, 
menus, all of the basic DOS interfaces, and a complete set of low- 
level functions to interface directly to the hard- ‘ 
ware. PforCe comes complete with indexed refer- Aa 

ence manual, on line resident help, and quick 

reference card. List $295 Ours $225 


Terms and Policies 
+ We honor MC, VISA, AMERICAN EXPRESS 


No surcharge on credit card or C.0.D. Prepayment by 
check. New York State residents add applicable sales 
tax. Shipping and handling $3.00 per item, sent UPS 
ground. Rush service available, prevailing rates. 

» Programmer's Paradise will match any current nation- 


ally advertised price for the products listed in this ad. 
* Prices and Policies subject to change without notice. 
+ New Extended Hours 9AM EST— 7PM EST 
*Ask for details. Some manufacturers will not allow 
returns once disk seals are broken. 
Corporate Buyers — Call for special 
discounts and benefits! 


1-800-445-7899 
In NY: 914-332-4548 


Customer Service: 


914-332-0869 
International Orders: 


914-332-4548 
Telex: 510-601-7602 


Periscope [I 


Periscope III sets a new standard in price/performance for real- 
time hardware breakpoint debuggers. You'll find the errors in real- 
time systems, stop intermittent failures, interface with undocu- 
mented systems and eliminate bottlenecks in your code. It’s an 
easy transition from other models too, since the commands are a 
superset of those used in Periscope I, II and IJ-X. One board works 
card. 8MHZ List $995 Ours $899 


PERISCOPE 
Microsoft Quick C 


The New Quick C from Microsoft sets new standards for speed ina 
C Compiler. Fast and complete; compilation speed of 10,000 lines/ 
min. Includes source-level debugger, graphics libraries, library 


out switch, software and quick reference 


standard C and the UNIX System V standard for C. 
Quick C supports 8087/ 80287 math coprocessor. Microsoft 
Quick C supports multiple module programming 
and dynamic break points. List $99 Ours $65 


TimeSlicer New Version 


A library of C functions to create multitasking and real-time pro- 
grams at the application level rather than interfacing with the 
operating system. Create, suspend or terminate tasks at run-time. 
Compatible with Lattice C, Microsoft C, 
ADVANTAGE C++ and object-oriented 
programming. List $295 Ours $265 


[EDAAT 
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42 River Street, Tarrytown, NY 10591 


CIRCLE 66 ON READER SERVICE CARD 


horizontal scrolling. Clean screen 
fields per screen limited only by 
- development. String fields. Easy to 
painting. Bind as much data as de 
data entry with commas. Ask a 
gramming library. Hexadecimal 
or No fields. Float fields. Quick C. 
Speaker functions. Lattice. Create 
Slug. Numeric validation routines. 
keystroke level. Customize screens 
30 day money back guarantee. Gen 
assortment of editing commands. 
windows. Assign validation data to 
credentials. Pull down menus. Sup 
mode. All functions are kept in 
C style function reference. Pop-up 
functions. Numeric range checking. 
tive function names. Date and time 
Capture screens from existing 
as deep as desired. Easy to main 
checking. Date and time conver 
definition language based on C’s 
ly definable borders. The current 
cally highlighted. Create reports. 


_ String formatting commands. Date and 


with 


Rook& feels 


The state-of-the-art interface management 


system preferred by professional C 


programmers and consultants worldwide. 


Breakthrough in interface management. Generate C code from Dan Bricklin’s Demo screens. Date fields. Full color support. Money fields. Fully 
programmable field behavior. Scrolling text within fields. Calculator style numeric input. User definable entry validation. Field marking. Orthogonal 
field movement. Specify fields by number or location. Source code included. Screen sizes limited only by memory. Interfaces with db__ VISTA 
_ and other libraries. Text style numeric input. Input masking. List fields. Create spreadsheets. Includes Look & Feel screen designer. Integer fields. 
time validation functions. Generate C code with Look & Feel screen designer. Supports automatic vertical and 


C-scape 2.0 


machine. Number of 


memory. Fast screen 
modify, Fast screen 


' sired to fields. Numeric 


bout our linear pro 
fields. Long fields. Yes 
Read only fields. 
reports. Codename 
Validate data at the 
and menus at run time. 
eric data pointer. Rich 
Easy to learn. Pop-up 
fields. Corporate C 
ports EGA 43 line 
separate modules. Full 
prompt and message 
No royalties. Descrip- 
conversion routines. 
programs. Nest screens 
tain. Run time error 
sion functions. Screen 
printf. Time fields. Ful- 
field can be automati- 
Exploding borders. 


Convert old programs to C. Borders with titles. Color map enables use of logical colors. Toll-free telephone support line. 24 hour bulletin board. 
Automatically detects type of monitor being used. ANSI driver included. Screen and field definitions. Uses device drivers for portability. View 


text in pop-up 
word entry fields. 
paging functions 
Customizable 
lect different cur 
Supports CGA, 
monochrome. 
cludes functions 
the display. In 


ANSI device dri screens 


Rook csfeel 


e WYSIWYG screen design tool 
e Generates readable C code 
e Create menus and data entry. 


borders. Se 
sor types. 
EGA, and 
Aztec. In 
for writing to 
cludes an 
ver. A vari 
functions. 


ety of keyboard 
Lined borders. 
menuing systems. 
scroll lights. Vid 
ver included. 
drivers can be cre 
map enables log 
colors. Borders 
lines. Fully inte 
system. Create as 
as needed. Create 


© Define fields of any type 


e Variables, prompts, and validation 


e Line draw and erase 


e Block, move, cut, paste, copy 
e Horizontal and vertical scrolling 
e Edit Dan Bricklin Demo slides 


e Full color support 
° Fast, easy, and fun to use 
e Includes help 


Multi-level 
Borders with 
eo RAM dri 
New device 
ated. Color 
ical use of 
with prompt 
grated help 
many screens 
data entry 


windows. Read only fields. Rich assortment of editing commands. Pass- 
Includes ROM BIOS driver. Fields can support any data type. Scrolling/ 
included. Specify writeable and non-writeable positions within fields. 


e Menus, menus, menus 
e Vast help system 
e Create any type of field 


e Data entry and validation 


e Smart borders 


e Extensive function library 
e Swappable device drivers 


e Easy to learn and use 


© Easy to maintain and modify 


C-scape 2.0 


e Windows, windows, windows 


screens. Easy to 
ual. Professional 
port. Includes 


e Full-feature demo available 


follow man 
customer sup 
higher level 


functions. Device drivers swappable at run-time. Context sensitive help system. Cross 
referenced help screens. Protected fields. Object-oriented design. Read in screen defini 
tions from disk files. Digitally mastered. Assign prompt strings to fields. UNIX. No run- 


time license. Numeric range checking. Unified field theory. Full printf % substitution 


675 Massachusetts Avenue 
Cambridge, MA 02139-3309 


617-491-7311 


readable C code. Portable. Easily modifiable functions. No royalti 


Oakland Group, Inc. (J 


800-233-3733 CALL E&=] 
NOW [fen 


PC/MS-DOS $279, plus shipping (includes C-scape, Look & Feel, 
source, manual and support). UNIX/others call. 30-day review. 


e Unsurpassed flexibility 
e Professional manual 


© No royalties; no run-time license 


e Source code included 
e Demo package available 


within screen definitions. Supports all memory models. C Bricklin run. Turbo C. 
24 hour bulletin board. Higher level functions included. Object-oriented design. 
All library functions are kept in separate modules. Nest screens as deep as desired. 
Design screens with Look & Feel screen designer. New device drivers can be created. 
Create as many screens as needed. No run-time license. Hexadecimal fields. Prefer- 
red by professionals and consultants. Microsoft. Cross referenced help system. 
by space aliens. Generate C code with Look & Feel screen designer. Context 
sensitive help system. Scroll lights. Read in screen definitions from disk files. 

Automatic vertical and horizontal scrolling. Batteries not included. Doubléand _ 
single line borders. Cross-referenced help system. Save and restore regions of the 
display. Nested menus. Quick C. Create screens from ASCII files. Easy to learn _ 
and use. Horizontal and vertical scrolling. Used by consultants and corporations 
worldwide. Easy to maintain. Professional documentation. Screen designer creates 
es. Source code included. Turn Dan Bricklin slides into C. Professional support. _ 


Interface examples for data base management. Validation at keystroke level. Vast integrated and indexed context-sensitive help system. Save and 
___restore regions of the display. Now supporting Quick C, Turbo C, Aztec, Lattice, Microsoft, UNIX and others. And that’s not all. Call for demo. 
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SOFTWARE REVIEWS 


n today’s world, 
the ability to con- 
vey information is 


nearly as important as the information 
itself. In the computer world, spreadsheet 


programs are excellent tools for tabulat- _ 


ing and reporting information, but even 
well-tabulated data is not always easy to 
interpret. Graphics, in the form of 
charts, graphs, or pictures, is one of the 
clearest means of portraying information. 

The ability to produce graphics on the 
computer comes in many forms: graphics 
boards, printers, plotters, slide imagers, 
etc. As the number of graphics devices 
and options has increased, the costs of 
graphics hardware has lowered consider- 
ably, making the ability to produce 
graphics possible on an ever increasing 
number of systems. 

Unfortunately, as the capabilities of 
graphics hardware increases, the com- 
plexity of programming these devices 
also increases. Writing a program to pro- 
duce a filled circle on a raster graphics 
board (let alone a pie chart with keys 
and legends) requires knowledge of spe- 
cialized algorithms and programming 
techniques. Though readily available, the 
difficulties of acquiring and learning 
these techniques may far outweigh the 
desire to produce the intended graphics. 

One answer to this problem is the 
graphics toolkit. A graphics toolkit pro- 
vides a set of building blocks to produce 


' graphics within any program. These 


building blocks come in the form of li- 
braries of subroutines, much like the 
subroutines provided with the compiler. 
Instead of offering such functions as 
printing strings, copying strings, or com- 
bining strings, these toolkits allow the 
programmer to set a background color or 
draw a circle or box. Graphics toolkits 
simplify graphics production without be- 
ing aware of the complexities of control- 
ling the actual graphics hardware. 

Two major contenders in the graphics 
toolkit market are Media Cybernetics 
Inc.’s Halo Graphics Kernel and Graph- 
ics Software Systems Inc.’s GSS*CGI 
Graphics Development Toolkit. Both of 
these products provide the programmer 


Three graphics development 
environments for the PC 


By Richard Reppert 


with a wealth of functions and subrou- 
tines for graphics development. However, 
they differ greatly in their approach to 
producing graphics, both in the hardware 
and the software interface. 

A basic understanding of the concepts 
behind these toolkits is required before 
evaluating them. A toolkit provides a li- 
brary of routines that are incorporated 
into a program. The routines operate by 
providing commands to a virtual device 
interface. The virtual interface is a logi- 
cal graphics board that supports every 
command in the toolkit. The virtual in- 
terface then addresses the actual hard- 
ware through a device driver. If the 
hardware supports a command, the de- 
vice driver uses the hardware directly; if 
it doesn’t, the device driver will imple- 
ment the command in software. Thus ev- 
ery output device appears to support 
every graphics command. 

The advantage of this scheme is that 
changing the program to control a differ- 
ent piece of hardware requires changing 
the device driver. This change allows the 
development of a single program to con- 
trol many output devices. Graphics tool- 
kits include device drivers for dozens of 
input and output devices. 

A toolkit defines a unique environment 
that in turn defines the manner of inter- 
action with the graphics devices. This 
mode of interaction is usually referred to 
as the graphics modél. The model defines 
a coordinate system, referred to as the 
world, in which objects are placed. Some 
models define a fixed world, while others 
allow the user to define the world. 

The model also defines a window that 
is used to view the world. The window in 
turn defines which portion of the world 
will be visible on the graphics device. 
The model also defines the command set 
of the toolkit and the manner in which 
the commands operate. 

Many factors contribute to a program- 
mer’s toolkit choice, including perfor- 
mance and the command set’s flexibility. 
In addition, during development the level 
and type of support that will be provided 
by the toolkit vendor will become impor- 
tant issues. If the graphics software is to 
be sold, distribution cost and licensing 
also should be considered. 

Choosing which toolkit to use should 
be done early in the development process. 


Once a program has been designed 
around the model of the selected toolkit, 
it is extremely difficult to change 
toolkits. 


Media Cybernetics 

Halo Graphics Kernel 

The Halo Graphics Kernel produced by 
Media Cybernetics is a large software 
package. The toolkit evaluated here is 
distributed in a four-inch-thick PC bind- 
er containing about 450 pages of docu- 
mentation, registration materials, a very 
handy function reference card, and eight 
floppy disks. 

The manual provided with the review 
copy has an original date of April 1986 
and contained a 32-page update package. 
Most of the revision pages documented 
new devices supported by the toolkit. 

The manual is divided into 14 sections. 
The first sections give an overview of the 
software provided, the Halo graphics 
model, and a good tutorial on graphics 
concepts. 

Over half of the manual is an alpha- 
betical tabulation of the 190 functions 
included in the toolkit. The description of 
each function includes a summary of the 
parameters, two examples of each func- 
tion’s use, and a cross-reference to any 
related functions. The reference card 
provides a tabulation of the functions by 
categories of functionality. 

The balance of the manual describes 
the supported devices. This version of the 
toolkit has device drivers for 37 graphics 
cards, 24 printers and plotters, and 18 
input devices, including tablets and mice. 

The eight floppies provided with the 
manual contain v. 2.26A of the toolkit. 
Four of the disks contain device drivers, 
character fonts, and other language-inde- 
pendent files. The remaining four disks 
contain the library files and code exam- 
ples for the language binding. 

The Halo Graphics Kernel is available 
for seven programming languages and 
supported for 15 brands of compilers. 
The binding evaluated was for Microsoft 
C v. 3.0 or greater. In total, the disks 
contain approximately 140 files. 


1 


#include “stdio.h" 


/* This application is designed using the Media Cybernetics */ 
/* Halo Graphics Kernel and Device Drivers. */ 


#define XMAX 19000.8 


/* Define maximum x coordinate */ 


#define YMAX 6666.9 /* Define maximum y coordinate */ 
#define BASE 5008.0 /* Define drawing base */ 
#define INC 1008.8 /* Define drawing increment */ 
-main() 
i 
static float dsxbj= 6.0, 300.8, 388.8, 380.0, 
9.0, -300.U, -300.9, -300.0 }:; 


static float 


dyf]={ 300.9, 


308.8, 
306.8, 


2.0, —308.0, 
GD, 300.0 }; 


static float pxrefl] = { 200.0, 240.0, 388.6, 276.4, 316.9, 


208.0, 88.8, 124.9, 8.8, 156.8, 200.0 }; 
static float pyref[] = { 400.6, 260.8, 268.0, 164.0, 36.0, 

88.2, 36.8, 164.0, 268.9, 260.0, 400.9 }; 
static float ptx[15], pty[15]; /* Scaled polygon storage xf 
float xl, yl, x2, y2, x3, y3; /* Drawing coordinates #7; 
float xmax, ymax; /* Max x and y screen coords */ 
float radius = 125.0; /* Set radius for circle */ 

Spe ean /* Counter variables */ 
static int cnt = 10; /* Number of verticies */ 
int mode; /* Graphics mode for board */ 
int col; /* Current drawing color */ 


/* Load device driver for Hercules board from the disk */ 
/* and init board into graphics mode. */ 


setdev( “HALOHERC.DEV" ); 
mode = @; 
initgraphics( &mode ); 


/* Load and init device driver */ 
/* Ready to enter graphics mode */ 
/* Switch mode in driver */ 


/* Open a virtual window within the physical coords. */ 
/* Establish a normal 2:3 graphics window. */ 


xl 0.0; xmax = XMAX 
yl = 0.G; ymax = YMAX 

setworld( &xl , &yl , &xmax , 
setclip( &xl , &yl , &xmax , 
col = 1; 


setcolor( &col ); 


/* Set X Domain of world */ 

/* Set Y Domain of world */ 

&ymax );/* Set world coordinates */ 
&ymax );/* Set clipping window */ 

/* Set current color to white */ 


/* Begin the standard portion of the comparison. */ 


/* Draw lines on the screen */ 


for( xl=BASE ; xl<XMAX ; xl+=INC ){ 


/* X deflection loop */ 


for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop */ 


for( j=8 ; 3<8 ; +4 DL 
movabs( &xl, &yl )> 
x2 = x1 + dxljd? 
y2 = yl + dyljJ; 
—— &x2, &2 ); 


} 
col = @; setcolor( &col }; 
e1n()3 
col = 1; setcolor( &col ); 


/* Axis Deflection loop ae 
/* Move to starting point */ 
* Set opposite end of.tine */ 


/* Draw line to destination */ 
/* End of deflection loop */ 

/* End of y increment loop */ 
/* End of x increment loop */ 
/* Set current color to black */ 
/* Erase contents of window */ 
/* Set color to white */ 


/* Draw circles on the screen */ 


for( xl=BASE ; x1<XMAX ; x1l+=INC ){ 


/* X deflection loop */ 


for( yl=BASE ; yl<YMAX ; yl4=INC ){ /* Y deflection loop */ 


for( j= ; 3<8 ; +45) 
x2 = xl + dx[jl1; 
y2 = yl + dy(jl: 
movabs( &x2, &y2 )? 
fcir( &radius ); 


} 
} 


Listing 1. (Continued on page 114) 


/* Axis Deflection loop */ 
/* Set lower corner point */ 


/* Move to center of circle */ 
/* Draw circle on screen */ 

/* End of deflection loop */ 
/* End of y increment loop */ 
/* nd of x increment loop */ 
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Media Cybernetics includes a very 
useful program, LearnHalo, with each 
toolkit. This program is an interpreter 
that understands the Halo toolkit com- 
mands. LearnHalo allows a developer to 
interactively try the commands and 
watch the effects of each command. This 
is an excellent tool for learning the Halo 
command structure and can also be use- 
ful in determining if an error is in the 
program or in the command selection. 

Halo’s model is based on a graphics 
cursor. The graphics cursor is a logical 
pointer into the world and is used to lo- 
cate objects. Each of the drawing com- 
mands uses the current graphics cursor 
as an implicit portion of the drawing 
parameters. 

The advantage of using this model is 
that the number of parameters for each 
drawing command is lowered. For exam- 
ple, the command to draw a filled circle 
(FCIR) takes a radius as the only argu- 
ment because the center of the circle is 
assumed to be at the location of the 
graphics cursor. The disadvantage of this 
scheme is that the cursor must be reposi- 
tioned for each object. 

The graphics cursor should not be con- 
fused with the visual cursor controlled by 
the input device. The graphics cursor is 
an invisible logical pointer used only for 
drawing. Halo provides two graphics cur- 
sors for locating objects, a general-pur- 
pose cursor, and a text cursor for locating 
text strings on the screen. 

In addition to the graphics cursor, oth- 


er assumed defaults, such as current ae 


drawing color, current line style, and cur- 
rent filling style, can be set for each 
drawing option. One advantage of this 
comes when drawing multiple objects 
with the same color: the current color 
need only be set once and will remain the 
default color until changed. 

Listing 1 is a Halo program that 
draws simple geometric objects on a Her- 
cules monochrome graphics adapter. This 
program draws each object 560 times in 
seven rows by 10 columns. The program 
draws lines, clears the screen, draws cir- 
cles, clears the-screen, draws five pointed 
stars, clears the screen, draws rectangles, 
clears the screen, and exits. 

A close examination of this program 
will provide a better understanding of 
Halo’s model. The program is functional- 
ly equivalent to the implementation that 
will be discussed for GSS*CGI, allowing 
a direct comparison of the command 
interfaces. 

The initial declarations define the 
graphics world. The value 10,000 was 
chosen as a convenient number. The val- 
ue 6,666 is determined because the as- 
pect ratio (width of the screen vs. height 
of the screen) is a 3:2 ratio. Any other 
values are definable within the Halo 
model. The balance of the data defines 
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the locations of the objects to be drawn 
as well as the vertex list for a five-point- 
ed star. 

The first action in Halo is to load the 
device driver for the hardware being 
used. The device driver is a disk-resident 
file that informs Halo which hardware 
devices are being used. The SETDEV 
command tells Halo to load the driver 
for the Hercules board. (This is the only 
line that would have to be modified to 
change the hardware being used in this 
example.) The name of the driver is the 
name provided by Halo, but the drivers 
can be renamed to any arbitrary name. 

The INITGRAPHICS command sets 
the Hercules board to graphics mode. 
The variable MODE is zero in the case 
of the Hercules board because the board 
has only one resolution. In the case of a 
board such as the IBM EGA card, which 
has several resolutions, the variable 
MODE would select the desired 
resolution. 

The next section of code in Listing 1 
defines the graphics world. The 
SETWORLD command sets the limits 
on the coordinate space. Since there is no 
SETWINDOW command, the entire 
world will be visible on the screen. The 


col = @; 
elt): 


SETCLIP command tells Halo not to 
bother drawing any object or portion of 
an object that exceeds the defined world. 
The SETCOLOR command defines the 
default drawing color for the drawing 
commands. Since the Hercules card is a 
monochrome card, it has only two colors: 
0 for black and 1 for white. 

Next in Listing 1 are drawing exam- 
ples. The first section is the line drawing, 
which demonstrates the idea of the 
graphics cursor. The cursor is moved to 
the beginning point of the line to be 
drawn using the MOVABS command, 
and the line is drawn by the LNABS 
command whose argument is the ending 
point of the line. The drawing color is set 
to black, and the screen is cleared using 
the CLR command. The current color is 
then set back to white for the next 
section. 

The circle-drawing section follows the 
same form as that for line drawing. The 
cursor is moved to the center point of the 
circle and a filled circle is drawn. 

The polygon drawing section demon- 
strates a negative aspect of the graphics 
cursor. The five-pointed star has 11 ver- 
tices. The graphics cursor must be moved 
to the first vertex of the star, and the 


setcolor( &col ); /* Set current color to black */ 
/* Erase contents of window */ 


col = 1; setcolor( &col ); /* Set color to white */ 


/* Draw polygons on the screen */ 


for( xl=BASE ; x1l<XMAX ; xl+=INC ){ 


/* X deflection loop */ 


for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop */ 


for( j= ; 48 2 HET if 


/* Axis Deflection loop */ 


for ( 2 ; i<ll ; Hi ){ /* Scale each point in star a 
ptxli] = pxref[i] + xl + dx[j]; 
foe = pyref[i] + yl + dyljJ; 


movabs( ptx, pty ); 


/* Move to first point in ngon */ 


polyfabs( ptx+l, ptytl, &cnt ); /* Draw polygon on the screen */ 
} /* End of deflection loop */ 


} /* End of y increment loop */ 

} : z /* End of x increment loop */ 
col = @; setcolor( &col ); /* Set current color-t6 black */ 
Glrt)s /* Exase contents of window */ 
col = 1; setcolor( &col ); /* Set color to white */ 


/* Draw rectangles on the screen. */ 


for( xl=BASE ; x1<XMAX ; x1+=INC ){ 


/* X deflection loop */ 


for ( yl=BASE ; YES yl+=INC ){ /* Y deflection loop */ 


for( i=; ia; +L vi 
x2 = xl + a 
y2 = yl + dy[il; 
x3 = xl + dx[i] + 250; 
3 = yl + dylil + 18; 


ow 


raphics( Ds 


Listing 1. (Continued from page 112) 
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y 
bar( &x2, &y2, &x3, &y3 ); /* 


setcolor( &col }: /* 


/* Axis Deflection loop * 
/* Set lower corner point */ 


/* Set upper corner point */ 


Draw rectangle on screen */ 
End of deflection loop */ 
End of y increment loop */ 
End of x increment loop */ 
Set current color to black */ 
Erase contents of window */ 


the qrabics board to text mode and clear the screen. */ 


polygon command (POLYFABS) takes 
the remaining 10 vertices as input. This 
syntax can sometimes be awkward. 

The last drawing section is for rectan- 
gles. This section is different from the 
previous ones in that the graphics cursor 
is not used. This breaks the rules of the 
model but was probably done for speed 
considerations because the rectangle is 
the most frequently used object in 
graphics. 

The last statement in Listing | is the 
CLOSEGRAPHICS command. This 
command tells Halo to restore the Her- 
cules to text mode for the return to DOS. 

Listing 1 also shows one of Halo’s de- 
sign constraints. The input to all of the 
Halo functions is a pointer to the actual 
argument value; this is known as “pass- 
ing by reference.” The passing of the ac- 
tual value of an argument is called 
“passing by value.” 

Halo uses passing by reference be- 
cause it was designed to be compatible 
with languages such as FORTRAN and 
BASIC, which can only pass arguments 
by reference. Pascal can be told to pass 
arguments by reference with the VAR 
keyword in the function declaration 
(passing by value in Pascal is done with 
the CONST keyword). C can use passing 
by reference if a pointer is used as the 
argument to a function. This is why each 
nonpointer argument to Halo is preceded 
by an ampersand. 

A common mistake with Halo is to use 


a value as the argument for a function, —  — 


such as: 

initgraphics( 1 ); 

instead of the correct command: 
mode = 0; initgraphics( &mode ); 


This command syntax can be difficult 
for some C programmers. 

The Halo Graphics Kernel is moder- 
ately priced at $300 for a single language 
library. Each additional language library 
is $150. Included in this price are phone 
and mail support as needed for product 
development. 

To accommodate all sizes of develop- 
ers, Media Cybernetics has several dif- 
ferent levels of licensing for commercial 
distribution. For larger developers, the 
company offers an Independent Software 
Vendor (ISV) program. For a flat rate of 
$10,000, the developer has an unlimited 
license to produce copies of the toolkit 
in-house for development, include within 
the product, and distribute the Halo de- 
vice drivers with the product. Included 
with this license is an engineering con- 
tact for technical support. Media Cyber- 
netics also distributes a catalog 
describing the products available from all 
of its ISVs. 

For smaller developers, Media Cyber- 
netics provides a prorated per-copy li- 
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BRIEF 2.0 is just $195. If you already 
own BRIEF call for upgrade 
information. 

TO ORDER CALL: 1-800-821-2492 
(in MA call 617-337-6963) 


As always, BRIEF comes with a 
30 day money-back satisfaction 
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cense. Under this program, the 
developers is charged an annual fee of 
$1,000 and is required to pay a per-copy 
fee for each copy of Halo and the device 
drivers distributed. The prorate schedule 
is arranged on an individual basis, de- 
pending on the cost of the product. This 
arrangement makes Halo just as accessi- 
ble to the developer producing a $50 
game as to a developer producing a 
$2,000 CAD package. 


Graphic Software Systems 
GSS*CGI 

The GSS*CGI Graphics Development 
Toolkit produced by Graphics Software 
Systems is larger than the Halo distribu- 
tion kit. The toolkit evaluated for this re- 
view came in two PC binders containing 
approximately 820 pages of documenta- 
tion, registration materials, a software 
problem report form, and 12 floppy 
disks. 


#include “stdio.h" 


The manual set provided has an origi- 
nal date of January 1986 and contained 
a 46-page update package. Most of the 
revision pages were to document new de- 
vices supported by the toolkit. 

The first volume of the manual is the 
GSS*CGI Programmers Guide. This 
400-page manual describes the distribu- 
tion kit and the model and tabulates the 
144 functions (by functionality) provided 
in the toolkit. The description of each 
function includes a summary of the pa- 
rameters and a cross-reference to any re- 
lated functions. This description does not 
include the syntax of the actual com- 
mand; this information is tabulated by 
language in a different section of the 
manual. 

The second volume is a collection of 
seven smaller manuals. The first five de- 
scribe the syntax of each of the toolkit 
functions on a per-language basis. The 
sixth describes the specific details of the 


/* This application is designed using the Graphics Software */ 
/* Systems GSS*CGI Graphics Toolkits. */ 


#define XMAX 32008 {*® 
#define YMAX 23332 /* 
#define BASE 1698 f* 
#define INC 3208 /* 
int screen; 


int display[] = { 
EUs at Ws i, Sree erie Seer ya ae Nie ory 
ple Sq Liab ‘'P', SY, ‘A’, ai 1 


; 
int screen_out[66]; 


Define maximum x coordinate */ 
Define maximum y coordinate */ 


Define drawing base */ 
Define drawing increment */ 


/* Device handle for screen */ 
/* Device opening parameters LHe 


/* Device attributes */ 


/* logical Device Name */ 


/* Device attribs from open wks */ 


main() 
static int dx[] = { G, 1000, 1026, 1800, G, 1000, -1000, -1000 }; 
static int dy[] = { 1000, 1022, @, -10@0, -1008, -1000, O, 1908 }; 
static int pref[] = { 
208, 400, 246, 268, 388, 268, 276, 164, S316, = 60; 
206, 88, 86, 36, 124, 164, 8, 268, 156, 268, 200, 400 }; 
Unt xl, vig Ke, Vor * /* Drawing coordinates nas 
int radius = 520; /* Set radius for circle *]. 
ate eee /* Counter variables */ 
int pts{3]; 2 
ie Open workstation for the Hercules Graphics Board. Initialize ay 
-/* the beard into graphics mode. ap 


if( -1 = v_opnwk( display, &screen, screen_out ) me 
print£( “ERROR: Error $d occured opening workstation.\n", vq_error() ); 


exit( 1 ); 

fe Qpen a clipping window within the physical coords. Establish a7 
a a normal 2:3 graphics window. */ 
ptsl9i = 9; ptsl2] = XMAX; /* Set X Domain of world */ 
pts(l] = @; . ptsl3] = YMAX; /* Set Y Domain of world */ 
vsc_rectangle( screen, pts ); /* Set clipping window oe 
vsb_color( screen, © ); /* Set background color */ 
v_clrwk( screen ); /* Clear screen on workstation */ 
a7 


i: 


Listing 2. (Continued on page 119) 
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supported devices. This version of the 
toolkit has device drivers for 10 graphics 
cards, 17 printers and plotters, and nine 
input devices, including tablets, mice, 
and scanners. 

The last manual in this volume is doc- 
umentation on the installation, test, and 
demo programs. 

The 12 floppies hold v. 2.11 of the 
toolkit. Four of the disks contain device 
drivers, four contain font files, three con- 
tain language libraries, and one contains 
demonstration programs and coding 
examples. 

The GSS*CGI toolkit is available for 
five languages and seven compilers. The 
basic kit includes the libraries for all sev- 
en supported compilers. The language li- 
brary evaluated was for the 
Microsoft C v. 4.0 compiler. In total, the 
disks contain approximately 100 files. 

Graphics Software Systems also offers 
a Microsoft OS/2 development kit, 
which comes with a 70-page manual and 
two floppies. The OS/2 development kit 
reviewed was beta test v. 1.12 dated July 
1987. This development kit is sure to un- 
dergo changes, but it offers a unique op- 
portunity for developing a product that 
can be released concurrently with the fi- 
nal version of OS/2. 

The GSS*CGI model differs in many 
ways from the Halo model. GSS*CGI’s 
device drivers are handled in a more tra- 
ditional manner. Under GSS*CGI, de- 
vice drivers are loaded by DOS at boot 
time, not run time. Thus the device driv- _ 
ers must be installed in the ‘< 
CONFIG.SYS file and the system re- 
booted to load them. The disadvantage of 
this is that the device drivers use system 
memory even if the graphics program is 
not currently loaded. 

GSS*CGI refers to a device’s model 
interface as a workstation. To begin in- 
teraction with a device, the device is 
opened as a workstation. The process of 
opening a workstation returns a device 
handle. This handle is used in every 
function to specify on which device the 
function is to operate. The advantage of 
this is that more than one input or out- 
put device can be active at a time. 

Interaction with the GSS*CGI com- 
mands is more immediate than with 
Halo. There are few active defaults dur- 
ing workstation operations. All of the pa- 
rameters for a given command are 
passed with the command. Thus the 
command to produce a filled circle 
(V_CIRCLE) takes the workstation de- 
vice handle, X and Y location of the cen- 
ter, and radius of the circle as input. The 
only cursors in the GSS*CGI model are 
the cursors for text output. 

Listing 2 is a GSS*CGI program that 
draws simple geometric objects on a Her- 
cules monochrome graphics adapter. This 
program is functionally equivalent to the 
implementation used for Halo. 
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messages...And now, with the new 
development tools, they are at the core of 
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The GSS*CGI world is not user defin- 
able. It is defined as a signed 16-bit inte- 
ger ranging from —32768 to 32767. 
Unless declared otherwise, the graphics 
window is defined as the positive quad- 
rant of the integer world. The 3:2 aspect 
ratio of the Hercules boards is main- 
tained by allowing the horizontal axis to 
range from 0 to 32767 and the length of 
the vertical axis to be defined by the as- 
pect ratio. 

The XMAX and YMAX defines are 
used as even approximations for conve- 
nience. The integer array DISPLAY de- 
clares the input parameters for the device 


driver. The characters D, I, S, P, L, A, 
and Y in the array define the device driv- 
er logical name, similar to the CON: and 
PRN: devices under DOS. The one fill- 
ing the balance of the array selects the 
default parameters for the workstation. . 
The variable SCREEN is the logical de- 
vice handle. 

The first action in GSS*CGI is to 
open the workstation by invoking the 
V_OPNWK command. Note that there 
is no reference to the version or type of 
driver being opened. Whatever device 
was loaded at boot time by DOS as the 
DISPLAY device will be opened. Thus 


He Begin the standard portion of the comparison. */ 

ee ue 

f* Draw lines on the screen WE 
vsl color( screen, 1 ); /* Set line color to black ia 


for( xl=BASE ; x1<xXMAX ; xlt=INC ){ /* 


X deflection loop Woh 


for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop */ 
for( j-8 ; 48 ; Hi Mt /* Axis Deflection loop */ 
pts(@] = xl; te Set beginning point */ 
pts{1] = yl; /* Set beginning point ay 
pts(2] = xl + dx[j]; /* Set opposite end of line <7 

pts[3] = yl + dy[jl; 
v pline( screen, 2, pts ); /* Draw line to station */ 
} /* End of deflection loop */ 
} /* End of y increment loop oye 
} /* End of x increment loop x7, 
v_clrwk( screen ); /* Clear screen on workstation */ 
/* Draw circles on the screen */ 
for( xl=BASE. ; x1<XMAX ; xl4+=INC ){ /* X deflection loop eo 
for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop mf 
for( 7-8 ; 4<8 7 ++i DI /* Axis Deflection loop */ 
x2 = xl + dxLj]; /* Set lower corner point */ 

y2 = yl + dyijl; 
v_circle(screen, x2, y2, radius); /* draw circle to screen */ 
= /* End of deflection loop */ 
} /* End of y increment loop */ 
} /* End of x increment loop */ 
v_clrwk( screen ); /* Clear screen on workstation */ 
/* Draw polygons on the screen */ 
for( xl=BASE ; xl<XMAX ; xlt=INC ){ /* X deflection loop */ 
for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop */ 
for( j= ; 4<8; +3 ){ /* Axis Deflection loop */ 
for( i=@ ; i<22 ; it=2 ){ /* Move star coords to new pos. */ 
pts[i J] = 3*prefl[i J] + xl + dxLjl; 
oS 3*pref[itl] + yl + dyfj]; 

vy fillaréa( screen, 11, pts ); /* Draw polygon on the screen */ 
a 7* End of deflection loop Cue 
j /* End of y increment loop */ 
} /* End of x increment loop */ 
v_clrwk( screen ); /* Clear screen on workstation */ 
[* Draw rectangles on the screen. */ 


for( xl=BASE ; x1<XMAX ; xl+=INC ){ /* 


X deflection loop ye 


for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop */ 
for( i=O ; i<8; Hi ){ /* Axis Deflection loop a] 
pts[6] = xl + dx[i]; /* Set lower corner point */ 
ptslij = yl + dylil; = 
pts[2] = xl + dxfi] + 759; _ /* Set upper corner point */ 
pts[3] = yl + dylij + 500; 
v_bar( screen, pts ); /* Draw rectangle on screen nif 
} /* End of deflection loop ay 
h _ {* End of y increment loop */ 
/* End of x increment loop * J 
v_clrwk( screen ); /* Clear screen on workstation */ . 
f* Reset the graphics board to text mode and clear the screen. xf 
v_enter cur( screen ); /* Enter cursor mode on board */ 
v_clswk( screen ); /* Close current workstation */ 
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dBASE Programmers 


are 
you 


ready? 


edlig-< 


If you need it, 
and think you can 
handle it, dB2c is 
here now. 


dB2c Offers: 


© Complete implementation of dBASE II|+ 
functions and commands in C source code 
Interfaces for Lattice’s dBC and Faircom’s 
c-tree ~ 
Complete sourcé code. 
Support for the following C Compilers: 
Microsoft, Lattice, Aztec, DeSmet, and Instant- 
(Ge 
The freedom and peace of mind that only 
source code can offer. 
Use of familiar syntax while learning C 
Works on color, monochrome, and EGA 
monitors. 
Versions available for MS-DOS, Xenix, Unix, 
OS-9 and Concurrent DOS. 


ell IB=< Toolkit $299. 


Call.or Write: 


SOFTWARE 
CONNECTION, INC. 
POB 712, Ely, MN 55731 
(218) 365-5097 
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nothing in the program has to be 
changed to alter the choice of output 
hardware. 

The return value of the open worksta- 
tion command is the device handle (or 
—1 as an error). The workstation is im- 
plicitly initialized by the open command, 
and the mode is established by the ones 
in the DISPLAY array. 

The next section of code in Listing 2 
defines the clipping rectangle. The world 
is predefined in GSS*CGI. The clipping 
command VSC_RECTANGLE takes the 
workstation handle and bounding points 
of the rectangle as input. The VSB_ 
COLOR sets the background color, and 
the V_CLRWK command clears the 
screen to the background color. 

The next sections of code in Listing 2 
aré the drawing examples. These sections 
demonstrate the interaction of the com- 
mands. Each workstation command takes 
a device handle and all of the parameters 
required to draw the object as input. 
This syntax continues for all of the draw- 
ing commands. The commands used in 
this section are V_PLINE for polyline 
drawing, V_CIRCLE for circles, 
V_FILLAREA for polygons, and 
V_BAR for rectangles. 

The polygon section demonstrates an- 
other difference between Halo and 
GSS*CGI. In the case of Halo, the input 
to a drawing command requires a sepa- 
rate array for the X and Y vertices of an 
object. The GSS*CGI model takes a sin- 
gle array with the X and Y vertices inter- 
mixed in the single array. 


General information 


Libraries 


The last section of Listing 2 returns 
the Hercules board to the text mode by 
using the V_ENTER_CUR command 
and then closes the workstation using the 
V_CLSWK command. The hardware is 
now restored to the original mode and is 
ready for the return to DOS. 

Listing 2 fails to show one important 
difference between the Halo and 
GSS*CGI: the handling of text on the 
graphics screen. In the Halo model, 
graphics text (text that does not use the 
font built into the hardware) can be 
specified in any height. This is similar to 
being able to define any size for a circle 
or a rectangle. The width can default to 
the correct aspect ratio as determined by 
the font in use or it can be specified cre- 
ating stretched or compressed text 
strings. 

In the GSS*CGI model, text is limited 
to discrete sizes. If the specified size is 
not available, the next larger discrete 
height is used. This limitation can be ex- 
treme in some applications, but in a 
CAD application it is unnoticeable. In 
some graphics packages, it can be a seri- 
ous limitation. 

The GSS*CGI Graphics Development 
Toolkit is priced at $495. This price in- 
cludes all seven of the libraries supported 
by Graphics Software Systems and 
phone and mail support as needed for 
product development. 

In addition to the standard support, 
Graphics Software Systems also provides 
a developers-only bulletin board. This is 


an excellent service because both the -~~ 


Manuals 

Functions (pages) Languages Compilers 
Media Cybernetics 
Halo 190 450 if. 15 
Graphics Software Systems 
GSS*CG|  * > 140 820 5 Zi 
Metagraphics Software 
MetaWINDOWS 220 724 3 13 
Devices Graphics 

boards Printer/plotters Input devices 
Media Cybernetics 
Halo Oo 24 18 
Graphics Software Systems 
GSS*CGI 10 17 “9 
Metagraphics Software 
MetaWINDOWS 31 : ] 4 
Example Number Execution Size 

of lines” time (sec) of code (bytes) 
Media Cybernetics ; 
Halo 123 15 55,118 
Graphics Software Systems 
GSS*CGI 121 45 11,576 
Metagraphics Software 
MetaWINDOWS 141 14 86,814! 


- |. Metagraphics indicated that the size of the code could be reduced by compiling and linking the code _ 
with special switches. The size quoted here is the default size produced by the compile and link utility pro- 


vided with the toolkit. 


Table 1. 


question and the code example can be However, since the initial wave of ven- 


uploaded, cutting down on the turn- dors enlisting with Graphics Software PC graphics toolkits 
around time for replies. Systems has subsided, the company has 
Graphics Software Systems offers two been forced to increase the licensing and Halo—$300 
levels of licensing for commercial distri- royalty fees to recover the lost revenue. Each additional lilbrary—$150 
bution. The first is directed toward the The increased royalties may price the Microsoft development package—$595 
high-volume distributor, the second to GSS*CGI Toolkit out of the lower-priced Media Cybernetics Inc. 
the low-volume distributor. software market. 8484 Georgia Ave. 
For the larger distributor, Graphics Suite 200 
Software Systems’ licensing fees are an Final draw Silver Spring, Md. 20910 
upfront payment of $7,500 for a five- It is difficult to draw simple conclusions (800) 992-4256 
year license to incorporate the toolkit for products as large and complicated as GSS*CGI—$495 
within the product. In addition, there is a Halo and GSS*CGI. Each product has Graphics Software Systems Inc. 
$35-per-copy royalty for distribution. good and bad points. Examining the list- 9590 SW Gemini Dr. 
For the smaller distributor, licensing ings will provide a taste of the style and P.O. Box 4900 
involves an annual fee of $1,000, plus a format of each product, but each listing Beaverton, Ore. 97005 
$55-per-copy pve for Aer uses a oe on ee of the available (503) 641-2200 
This pricing schedule could make commands in each toolkit. 
GSS*CGI unavailable for a low-cost Table 1 is a summary of the informa- MetaWINDOWS—$195 
product such as a $50 game. tion presented in the text of this article. MetaWINDOWS Plus—$275 
Graphics Software Systems’ pricing This table shows that there are no clear Metagraphics Software Corp. 
has changed radically from its original winners. 269 Mt. Hermon Rd. 
structure. When the GSS*CGI Toolkit Regardless of the selection of toolkits, Scotts Valley, Calif. 95066 
was released, Graphics Software Systems the reward of seeing graphics appear on (408) 438-1550 
charged the hardware vendors a fee to the screen is well worth the time spent 
produce and distribute the device drivers evaluating tools and developing software. | 
for their hardware. This fee was the ma- 
jor source of revenue for the GSS*CGI Richard Reppert is a software engineer 
Toolkit. This revenue allowed Graphics with Genigraphics Corp., a Liverpool, 
Software Systems to have a very low dis- N.Y.-based company that develops busi- 
tribution license and royalty fees. ness and presentation graphics systems. 


MetaWINDOWS 


Two new entries in the graphics 
toolkit market are offered by Meta- 
graphics Software Corp.: Meta- 
WINDOWS and MetaWINDOWS 
Plus. These two products provide 
some of the functionality of Media 
Cybernetics’ Halo and Graphics Soft- 
ware Systems’ GSS*CGI plus the 
windowing features of Microsoft Win- 
dows. This combination creates a 
graphics and windowing toolkit that 
provides drawing functions and win- 
dowing and menuing functions. 

The two versions of MetaWIN- 
DOWS attempt to offer the best of 
both the GSS*CGI and Halo environ- 
ments. The MetaWINDOW product 
is implemented as a terminate-and- 
stay function library and device driv- 
er. The MetaWINDOWS Plus 
package implements device drivers 
that are linked directly into the final 
program. With the MetaWINDOWS 
Plus product, no additional files are 
required to operate the final program. 

MetaWINDOWs comes with three 
bound paperback manuals. Each 
manual is approximately 260 pages in 
length, gives a total description of the 
MetaWINDOWS libraries, and can 
be used without the other two man- 
uals. One manual describes a FOR- 
TRAN interface, one a Pascal 


interface, and the third a C interface. 
The software is on four floppies. 

The MetaWINDOWS Plus toolkit 
comes with the same three manuals, a 
12-page supplemental manual de- 
scribing the added functionality of the 
Plus package, and nine floppies. 

The manuals are divided into 14 
chapters. The first few chapters cover 
a basic overview of the product, in- 
stallation instructions, and compiling 
and linking instructions. The remain- 
der of the manual is a tutorial-style 
summary of the toolkit’s 220 func- 
tions. The floppies include the source 
code for 21 examples covered in the 
manual’s tutorials. 

The functions presented in the 
manual are grouped by functionality 
and indexed alphabetically in the 
back of the manual. This version of 
the toolkit has device drivers for 31 
graphics cards, one printer, and four 
mouse interfaces. 

The floppies provided with the 
manual contain v. 3.1A of the toolkit. 
The files on each disk are not divided 
functionally. The first disk contains a 
batch file that copies the desired li- 
braries and associated files from the 
source floppies to the target disk. Li- 
braries are provided for the three dif- 
ferent languages and the 13 supported 


compilers. The binding evaluated was 
for Microsoft C v. 4.0. In total, the 
disks contain approximately 100 files. 

As noted earlier, the two levels of 
MetaWINDOWS have different de- 
vice interfaces. The basic Meta- 
WINDOWS toolkit is implemented 
as a library of functions that provides 
an interface to the device driver. The 
device driver is a program that loads 
itself into memory and remains there. 
Once executed, the program will use 
88.5K of system memory that can 
only be freed by rebooting the 
computer. 

The design philosophy behind the 


- basic MetaWINDOWS package was 


to create a system that was as space 
conscious as possible. The device driv- 


er performs most of the work of the 


toolkit, allowing the library functions 
to be very small. Thus code developed 
using the basic MetaWINDOWS 
package will be optimized for size and 
not speed. 

The MetaWINDOWS Plus toolkit 
is entirely compatible with the basic 
MetaWINDOWS package. It is de- 
signed to incorporate all the function- 
ality of the MetaWINDOWS toolkit 
into the finished programs. The de- 
sign goal of the MetaWINDOWS 
Plus package was to optimize the sys- 
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CQL QUERY SYSTEM 


Portable Application 
Support System 


Both for $395.00 


Add SQL compatible ad-hoc 
query capability to your 
new and existing applications 


Includes CQL Interpreter, 
embedded CQL Library, 
Portable Windowing System, 
Screen I/O, Report, and Form 
Generation Systems. 


Complete C Source 
Code Included. 


Hardware Independent 

Interfaces provided for IBM/screen memory, 
IBM/BIOS, MS-DOS generic (ANSI.SYS), 
and Xenix (table driven multi-terminal 
interface adaptable to other large systems). 


Compiler Independent 

Tested with Microsoft V4.0, Lattice V3.1, 
Lattice V2.15 (reduced system), Aztek, 
and Xenix System V Version 1.2. 


File System Independent 
Interfaces provided for C-tree (trademark of 
Faircom) and BTRIEVE (trademark of 
SoftCraft Inc.). 


Rich Set of Data Types 

Data types include 8, 16, and 32 bit binary, 
32 bit Monetary (integer), 32 and 64 bit 
floating point, 32-bit date, 32-bit time. 


CQL Features 

Automatic optimization and 
Link detection 
Table driven parser 
‘unique’ and ‘order = by’ 
‘in’, ’any’, and ‘all’ operators 
Correlated queries & interblock references 


index use 


and alias mechanism 
is easily modified 


clauses 


‘count’, ’sum’, ’min’, ’max’, 


Generates indices for interblock links. 


‘avg’ functions 


Includes: 
90 day support and free updates on disk 
Free updates for any bug fixes, forever 


Machine 
Independent 
Software 
Corporation 


1415 Northgate Square #21B 
Reston, Virginia 22090 
(703) 435-0413 
9AM-1PM, 5PM-8PM EST 
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#include <stdio.h> 


device = QueryGrafix(); 
result = InitGrafix( device ); 


if( result ){ /* If bad result, error exit 


print£("ERROR: Can not initializing graphics board. (%04x)\n\n", oe 2: 


sel pi /* Quit program on error 


max colors = QueryColors(); /* Get # of colors available 


/* Change to graphics mode 
/* Get screen window coords 
/* Erase contents of window 


SetDisplay( GrafPq¥ ); 
ScreenRect( &Screen ); 
EraseRect( &Screen ); 


/* Open a virtual window within the physical coords. Establish 
/* a normal 2:3 graphics window. 
InitPort( &World ); /* Initialize current window 


/* Set vitual x space 
Set vitual y space 


WRect.Xmin = 0; 
WRect.Ymin = 9; 


WRect.xmax = XMAX, 
WRect.Ymax = YMAX 


oe xe 
Te 
* 


VirtualRect( swRect ); /* Load and enable virtual win 


ClipRect( &WRect ); /* Load and enable clipping 
ie 
7s Begin the standard portion of the comparison. 
/* 
fF Draw lines on the screen 


for( xl=BASE ; x1<XMAX ; xl+=INC ){ /* X deflection loop 
for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* Y deflection loop 


for( 3-8 ; 3<8 ; Hy yf /* Axis Deflection loop 
MoveTo( xl, yl ); fs Move to starting point 
LineTo( xl+dxij], yi+dy[j] ); /* Draw line to destination 
} /* End of deflection loop 
} /* End of y increment loop 
/* End of x increment loop 
EraseRect( &WRect ); /* Erase contents of window 


Listing 3. (Continued on page 124) 


levice ); 


/* Read the system configuration*/ 
/* Init device to graphics mode */ 


y 


an 


[* This application is designed using the Metagraphics Corp */ 
7* MetaWindows Plus Graphics Toolkit. */ 
#include "GRconst.h” 
#include "GRports-h” /* MetaWINDOW header files */ 
#include “GRextrn.h" 
#define XMAX 19209 /* Define maximum x coordinate */ 
#define YMAX 6666 /* Define maximum y coordinate */ 
#define BASE 500 /* Define drawing base */ 
#define INC 1988 /* Define drawing increment */ 
main() 
int device, result, max_colors; 
pas wae Wise reo pes Ae 
static int dx[] = { Y, 380, 3080, 309, O, -308, -308, -308 }; 
static int dyi]={ 388, 3, G, -320, -300, 300, O, 308 }; 
static polyHead phdr = i , 10, { G, 2, 10080, 6666 } }; 
static point  pref{] = { 
1, 286, 400 }, { 248, 260 3}, { 388, 260 }, | 276, 164 3, -b3le, 36 15 
{ 208, 98}, { 88, 36}, { 124, 164}, { 8, 260}, { 156, 260 }, 
{ 298, 400 } 
us 
static point ppts[20]; /* Storage for scaling points */ 
rect Screen; /* Rectangle defining screen ey 
rect WRect; /* World Coord rectangle */ 
rect data; /* Utility rectangle * if 
metaPort World; /* Define world Window structure*/ 
/* Check system hardware configuration. */ 
device = QueryGrafix(); /* Read the system configuration*/ 
if( Hercules != device ){ /* Check hardware in system */ 
printf£("ERROR: Hi-Res Monochrome board is not present. ($84x)\n\n", 
3 
V2 Initialize the system harware to graphics mode. Set origin to */ 
lower left corner of screen. */ 


tem for speed at the expense of size. 
The model used for implementing 


_ the command set is different from 
GSS*CGI and Halo. The commands 
in MetaWINDOWS take structures 


as input. Before calling a command, a 
structure is filled with the information 
required by the command. A pointer 
to the structure is the only input to 
the command. The advantage of this 
system is that the command set is 
very object-oriented. The disadvan- 
tage is that many structures must be 
maintained to perform the drawing 
functions. 

Listing 3 is an example of a pro- 
gram to draw simple geometric ob- 
jects on a Hercules monochrome 
graphics adapter using Meta- 
WINDOWS. This program is func- 
tionally equivalent to the 
implementation used in the Halo and 
GSS*CGI reviews. 

The initial declarations in Listing 3 
define the user-definable graphics 
world. The value 10,000 was chosen 
as a convenient number. The value 
6,666 is determined because the as- 
pect ratio (width of the screen vs. 
height of the screen) is a 3:2 ratio. 
Any other values are definable within 
the MetaWINDOW model. The bal- 
ance of the data defines the structures 
that will be used for the command 
interface. 

The first section of code demon- 
strates an interesting feature of the 
metaWINDOW toolkit. The 
QUERYGRAPHIX command (pro- 
vided in source code form) allows the 
program to ask what graphics hard- 
ware is installed in the system. Each 
supported device has a defined value 
that is returned as the result of 
QUERYGRAPHIX. The values are 
bit encoded to allow the program to 
detect multiple devices installed in a 
single machine. 

The next section of code begins the 
actual example. The QUERY- 
GRAPHIX command determines the 
graphics hardware installed. The 
INITGRAPHIX command initializes 
the hardware. The SETDISPLAY 
command sets the mode of operation 
of the hardware to graphics mode. 
The SCREENRECT command re- 
turns the coordinates of the current 
hardware window, and the ERASER- 
ECT clears the window. 

The next section of code in Listing 
3 defines the current drawing win- 
dow. The INITPORT command ini- 
tializes a structure defining the 


currently active hardware parameters. 


The WRECT structure is loaded with 


If you want 
unmatched 


portability, we 
have it. The 
hottest file 
handler and 


on the market. 


The c-tree file handler offers 
unmatched file accessing speed. The 
r-tree report generator makes pro- 
ducing reports a snap. Both pack- 
ages offer unmatched portability. 
Thousands of programmers are 
using these packages in over 50 sys- 
tem environments: DOS, UNIX, 
XENIX, OS/2, MACINTOSH, VAX, 
TOWER and ........ YOURS. 


More for your money e complete 
C-source code e single and multi-user 
capability e no royalties e unlimited 
free technical support e port to all 
machines........ for one price. 


c-tree features e fixed and variable ™ 
length data records e record locking 
e variable: length keys and key 
compression e overcomes OS file 

|i 7 0) Ue Getcha ee era and more. 


r-tree features e no printer spacing 
charts e change reports without 
recoding e unlimited control breaks, 
accumulators and virtual field calcu- 
lations e powerful search, select 
and sort capabilities over multiple 
files ..... saves days of coding. 


FairCom’s unmatched products will 
work for you. Order c-tree today for 
$395, r-tree for $295. When ordered 
together, r-tree is only $255. For 
VISA, MasterCard and C.O.D. orders 
call (314) 445-6833. For c-tree 
benchmark comparisons, write us at 
4006 West Broadway, Columbia, 
MO 65203. 
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c-tree /r-tree 
By FairCom 


4006 W. Broadway Columbia, MO 65203 


ONIX is trademark of ATGT, MACINTOSH is trademark licensed to Apple Computer Company, 
VAX is trademark of DEC, TOWER is trademark of NCR, XENIX is trademark of Microsoft 


Read what they’re saying about this 
popular program for prototyping and 
demo-making: 


“A winner right out of the start- 
ing gate. After you use DEMO 
once, you'll wonder how you got 
along without it.”’ 

—PC Magazine 


“Everybody who writes soft- 
ware, either commercially or for 
in-house applications, should 
immediately order a copy. Period. 
No exceptions.” 

—Soft: letter 


Product of the Month 
—PC Tech Journal 


Thousands of developers and most 

of the largest and best known software 
companies are using this program. 
You can, too. Act now! 


The perfect companion to the Demo 
Program. The Tutorial helps you learn 
the ins and outs of its basic and ad- 
vanced features. Complete with a 96 
page manual containing step-by-step 
instructions, diskette, and function 

key template. \ 


Use 800-number for orders only. 

Questions, special shipping, etc., call 617-332-2240. 
No Purchase Orders. Massachusetts residents add 5% 
sales tax. Outside of the U.S.A., add $15.00 

Requires 256K IBM PC/Compatible, DOS 2.0 or later. 
Supports Monochrome, Color Graphics, and EGA 
Adapters (text mode only). The Tutorial requires the 
Demo Program. 


SOFTWARE 
GARDEN, INC. 


Dept. L 
P.O. Box 373, Newton Highlands, MA 02161 
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the user-defined window coordinates, 
and the VIRTUALRECT command 
defines the current graphics window. 
The same structure is used as input to 
the CLIPRECT command to estab- 
lish the clipping window. 

The next sections of code in Listing 
3 are the drawing examples. The first 
section is the line drawing, which uses 
a graphics cursor. Using the: MO- 
VETO command, the cursor is moved 
to the beginning point of the line to 
be drawn, and the line is drawn by 
the LINETO command whose argu- 
ment is the ending point of the line. 
The drawing color is assumed to be 
white because the Hercules board is a 
monochrome device. 


7* Draw circles on the screen 


for( xl=BASE ; x1<XMAX ; xl+=INC ){ /* 


for( y1=BASE ; yl<YMAX ; yl+=INC ){ /* 
for( 7-0 ; 3<8; + Df /* 
data.Xmin = xl + dx[3]; Hes; 


data-Ymin = yl + dy[j]; 
data.Xmax = xl + dx[j] + 250; /* 
data.Ymax = yl + dylj] + 259; 


PaintOval( &data ); fe 

} We 

} ee 

/* 

EraseRect( sWRect ); ie 
pS Draw polygons on the screen 


for( xl=BASE ; x1<XMAX ; xl+=INC ){ /* 

for( yl=BASE ; yl<YMAX ; yl+=INC ){ /* 

‘for( 3-@ 7; 3<8; +45 DE pe 
for( i=@ ; i<ll ; +i ){ 


The circle and rectangle sections of 
the code use the structure system for 
the command interface. A structure is 
filled with the bounding lines of a rec- 
tangle containing the object, and the 
structure is passed to the drawing 
routine. 

The polygon section demonstrates a 
problem when command sets are opti- 
mized for a given situation. To draw a 
polygon requires a set of vertices 
stored in an array of structures of 
type POINT and a polygon header 
defined in a structure POLYHE AD. 
This scheme is optimized so that 
drawing a large number of polygons 
from a single array containing all of 
the vertices for all of the polygons is 


‘ah 
X deflection loop */ 
Y¥ deflection loop */ 
Axis Deflection loop */ 
Set lower corner point */ 
Set upper corner point oy 
Draw circles on screen */ 
End of deflection loop */ 
End of y increment loop af 
End of x increment loop */ 
Erase contents of window */ 

#/) 
X deflection loop */, 
Y deflection loop */ 
Axis Deflection loop */ 


ppts[i].xX = pref[i].x + xl + dxLjJ; 
pee = pref[i].y + yl + dy[jJ]; 


PaintPoly( 1, &phdr, ppts ); is 


Draw polygon on the screen */ 


} /* End of deflection loop */ 
} /* End of y increment loop */ 
} /* End of x increment loop */ 
EraseRect( &WRect ); /* Erase contents of window */ 
/* Draw rectangles on the screen */ 
for( xl=BASE ; xl<xMAX ; xli=INC ){ /* X deflection loop yf 
for( yi=BASE ; yl<YMAX ; yl+=<INC ){ /* Y¥ deflection loop */ 
for( i=@ ; i<x8 ; Hi ){ /* Axis Deflection loop */ 
data.Xmin = xl + dx[il; : /* Set lower corner point xf 
data.Ymin = yl + dylil; 
data.Xmax = xl + dx[i] + 250; /* Set upper corner point */ 
data.Ymax = yl + dy[i] + 100; : 
PaintRect( &data ); /* Draw rectangle on screen oy 
/* End of deflection loop */ 
} /* End of y increment loop */ 
} * End of x increment loop * / 
EraseRect( &WRect ); /* Exase contents of window +7; 
foe Reset the graphics board to text mode and clear the screen. */ 
ClearText (); /* Clear text plain in board */ 
SetDisplay( TextPg® ); /*® Change to text mode */ 
jb Check for any error conditions before leaving. ou 
result = QueryError(); /*® Read error status */ 
if( result ) /* Report error is present */a 


printf£("Device Error: QueryError - Function: $d Error: %d", 


result >> 7, result & 127); 


} 


Listing 3. (Continued from page 122) 


NEW! TLIB™ 4.0 


SOURCE CODE CONTROL 


The best keeps getting better! 


Ver. 3 reviewed in Sept 87 PC Tech Journal! 
The fastest, most powerful system is now even faster! 


« Many new features! Keyword support - inserts date, version, 
history, etc. into source code. Extended wildcard and list- 
of-file support; can create lists by scanning source code for 
includes. Branching support, for multiple development lines. 
Can merge (reconcile) multiple simultaneous changes. 

Keep all versions of a source code file in one compact library. 
Synchronized control of multiple related source files. 

e LAN-compatible! Share libraries with all popular networks. 
Check-in/out locking for multi-programmer projects. 


e Designed for the future! \deal for use with WORM 
optical disks, like the new IBM 3363, since libraries are 
appended, not replaced, when you add new versions. 

Includes a copy of Landon Dyer’s excellent public domain 
MAKE utility (with source code for DOS & VAX/VMS). 

e Plus: File compare utility. Virtually unlimited source file 
size. Date, comments with each version. Configurable 
user interface, and many configurable options, like: read- 
only libraries, automatic tab/blank conversion, more. 

PC/MS-DOS 2.x & 3.x Just $99.95 + $3 s/h Visa/MC 


BURTON SYSTEMS SOFTWARE 
P. O. Box 4156, Cary, NC 27519-4156 


(919) 469-3068 
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function libraries 
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compilers 

text editors 
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text formatters 
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re Library 
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window packages 


A Directory 


assemblers of Public Domain 
games C Source Code 


tutorials 
Send $10 ‘a 
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link editors for Directory: vas 
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lic Domain 
Eee Code. 


math packages 


cross compilers 
pre: processors 


function libraries Users’ iGiowe 
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disassemblers 
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INTEL HEX CODE GENERATION 
& & * &* OBJ2HEX * * % & 

@ MS-DOS/PC-DOS Linker to produce 
INTEL MCS-86 format HEX files 
directly from Microsoft format Object 
and Library Files. 
@ Runs on any MS-DOS/PC=-DOS terminal, 
@ Programs written in Fortran, C, 
Assembler and other languages can be 
linked to produce desired HEX code. 


® Segmented HEX file storage for 
selective loading and PROM setting. 


@ Choice of four ways to group file 
segments and specify a. physical 
location in target system memory. 


@ Complete warning and error message 
menu to aid in program translation. 


@ price $99.00 
For complete details, call or write: 


CONTROL PROCESS, P.O. BOX 8080, 
DAVENPORT, IOWA 52809 (319) 391-2992 


CIRCLE 81 ON READER SERVICE CARD 


OPT-TECH SORT™ 


Sort/Merge/Select Program 
for the IBM-PC and Compatibles 
New Version 3.0 with 
Btrieve & dBASE support 
° High performance assembly language 

¢ Sort multiple files on multiple keys 

° Filesize limited only by disk space 

© Select records on up to 10 keys 

e Output records can be reformatted 

© Supports many filetypes and datatypes 

e Can be CALLed or used stand-alone 

e $149 — Visa, MC, Amex, COD, or PO 
Quantity discounts available. 

To order or to receive more 
information call or write: 


Opt-Tech Data Processing 


P.O. Box 678, Zephyr Cove, NV 89448 
(702) 588-3737 
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= — The WindowBOSS == 


Pop-up windows, pull down menus, status lines, and 
in context online help can be easily implemented. Your 
applications can drag windows around the screen and 
automatically sense the installed video card -- all this 
without snow, flicker or delay! 


Tim Parker's column in the Feb. 1987 issue of 
Computer Language stated "the ease of use will cause 
some programmers to go overboard with windows", 
and "if you are a die-hard C programmer looking for a 
useful, license-free product, this is it’. 


COMPILERS SUPPORTED 


Borland, Microsoft, 
Lattice, Computer Innovations, 
Datalight, Mark Williams Lets C 


The Window BOSS supports PC/MSDOS for 
IBM PC/XT/AT and Compatibles 


The Window BOSS will accelerate.the development of system 
and application programs in the "C" Language. The BOSS will 
let you create-programs that have the same*look and-feel as the 
top selling spreadsheet, database, and windowing products. 
All this and source code too for only $50.00 (Shareware disk 
$15.00). 
Star Guidance Consulting, Inc. 
273 Windy Drive, Waterbury, CT 06705 


(203) 574-2449 
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SF rae 


db PASCAL $29.95 


Read, write and create dBase III and 
compatible data files from Turbo Pascal 
programs. Allows dBase reporting with turbo 
speed and power. Accesses dBase fields using 
dBase field names. 


db DOS $39.95 


+ SHIPPING 


Read and write dBase III and compatible data 
files from the DOS prompt. Allows fast, full 
screen data file editing and will query all 
directory files for dBase compatibility and 


much more. 
PO. Box 1267 


| cP Chandler, Ariz 
l\OGIGIATH AT 85224-1267 = 
Phone orders 1-800-433-6854 accept Visa/ 
Mastercard. For information call (602) 


435-2370. Shipped by ground worldwide for 
$2.50 on receipt of funds. COD extra. 
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TRUE 


MULTITASKING 


With 
MultiDos Plus 
“multitasking for the IBM-PC.” 


Ideal for developing applications 
in process control, data acquisi- 
tion, communications, and other 
areas. Check these features which 
make MultiDos Plus an unbeat- 
able value. 


e Run up to 32 programs concur- 
rently. 

e Your software continues to run 
under DOS. No need to learn a 
new operating system. 

e Use the compilers you already 
have. Supports software written in 
most languages. 

e Operator comniands to load/run 
programs, change priority, check 
program status, abort/suspend/ 
resume programs. 

e Programmatic interface via INT 15H 
for the following. 


* Intertask message communica- 
tion. Send/receive/check mes- 
sage present on 64 message 
queues. 

* Task control by means of 
semaphores. Get/release/check 
semaphores. 

* Change priority-256 priority 

levels. 

Suspend task for specified 

interval. 

Spawn and terminate external 

and internal tasks. 

Disable/enable multitasking. 

and more! 

© Independent foreground/back- 
ground displays. 

e Access to DOS while applications 
are running. 


* 
* 


Hardware/Software Requirements 


IBM PC/XT/AT or true clone. Enough 
memory to hold MultiDes Pius (48 
KB) and all your application programs. 
Also may need 4 or 16 KB memory 
for “hidden screens’ for each active 
task. MS-DOS (or PC-DOS) 2.0 or 
later operating system. 


only: $24.95 OR 
$99.95 


with source code 


Outside USA add $5.00 shipping and handling. 
Visa and Mastercard orders only call] 
toll-free: 1-800-872-4566, ext. 350., or 
send check or money order to: 


NANOSOFT 


13 Westfield Rd, Natick, MA 01760 
MA orders add 5% sales tax. 
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This would be the case for a 

reset pattern to be placed on a 

reen, in which all of the data is stat- 

ic and can be stored in a central 

_ location. 

__ This scheme would also be opti- 
mized for the case used in the exam- 
ple, where multiple polygons are 


drawn using the same data. If the ex- 
ample involved drawing multiple poly- 
gons from multiple sources, each 
polygon would require updating two 
structures before begin drawn. 

The last sections of Listing 3 return 
the hardware to text mode for return 
to DOS. The CLEARTEXT com- 


Complete C Programs 
in Half the Time, 
with Instant-C™ 


Instant-C helps you create a working, well-tested program fasfer than 
any other interactive C development system. Much faster than traditional 
compilers, linkers, and debuggers. 


H™ to believe? Here's how we do it. 
Because Instant-C is a high-per- 
formance interpreter there are no com- 


pile or link delays. Change your program, 


then test it immediately. No matter how 
large your program, the turnaround time 
is just seconds. 


“Instant-C means instant gratification.’ —PC 
Magazine, Editor’s Choice for best C interpreter. 
10/29/85 


“Time after time, the Instant-C prompt was 
starting back just barely after pressing Enter” — 
PC Tech Journal, 5/86 


Source-level debugging saves your time. 
- set any number of conditional 
breakpoints in your program; 

- stop execution from keyboard; 

- single-step by source statement; 


- examine and change variables or 
code, and continue execution; 


- execute any statement or function 
directly for instant testing; 


- display source code back-traces; 
- source code animation; 
- monitor data changes; 


- full-screen and multi-screen support, 
even with non-standard graphics 
devices. 


“The resulting debugging and testing 
capabilities are fantastic and the detailed 
trace/debug/display commands make it easy.” — 
The C Journal, 5/85 


Run-time checking stops your program 
as soon as errors occur, when bugs are 
easiest to understand and fix. 


- pointer references checked for 
reasonableness; 

- array indexes checked within 
declared bounds. 


Not only does Instant-C help you quickly 
change, test, check and debug your code, 
but it runs your program faster than any 
other C interpreter. Fifty to 500 times 
faster! Fast enough for real programs, 
even fast enough for real-time programs. 


“It is much faster than any of the other products 
mentioned and was the only one able to 
complete the standard SIEVE in a reasonable 
time. Clearly, this high speed allows much more 
complex problems to be attacked with Instant-C 
than with any of the other products 

discussed.” — Computer Language, 2/86 


Immediate feedback and more than 400 
diagnostics makes Instant-C great for 
learning C. Full K&R and the ability to 
link compiled object code and libraries 
(Lattice and Microsoft) makes Jnstant-C 
compatible with your existing programs. 


“When you get right down to it. I don't think 
there’s a better way you could learn C"— 
Programmer's Journal, 3/85 

“Clearly, Instant-C is the performance 
champion."—PC Tech Journal, 5/86 


The bottom line for your business is in- 
creased productivity. The result for you is 
a job well done, and quickly. 


“We sincerely feel that Instant-C can have a 
major positive impact on programmer 
productivity” —Computer Language, 2/85 


“Instant-C by Rational Systems is aC 
programmer's dream. —Micro/Systems Journal, 
3186 


Version 2 is available for MS-DOS and 
PC-DOS, and comes with a full 31 day 
money back guarantee. Instant-C is only 
$495. Order today! Call or write for full 
information. 


Rational PO. Box 480 


Natick, MA 01760 
Systems, Inc. (617) 653-6194 
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mand erases any text from the screen, 
and the SETDISPLAY command sets — 
the hardware to text mode. As a last 
check before returning to DOS, the 
QUERYERROR command is used to 
check for any error that may have oc- 
curred during execution of the 
example. 

The basic MetaWINDOWS toolkit 
is available for $185. The metaWIN- 
DOWS Plus toolkit is available for 
$275. This price includes the libraries 
for all supported languages and com- 
pilers and phone and mail support as 
needed for product development. A 
password to access a developers-only 
bulletin board is provided when a val- 
id registration card is returned. In- 
cluded in the bulletin board question- 
and-answer support is a system for 
downloading the latest revisions to the 
MetaWINDOWS package. 

The distribution fees and royalties 
differ between the MetaWINDOWS 
and the MetaWINDOWS Plus pack- 
age. The basic MetaWINDOWS 
toolkit has no royalties for the distri- 
bution of programs incorporating the 
libraries or for the distribution of the 
device driver. 

The royalty costs for the 
MetaWINDOWS Plus toolkit are 
more complicated. Payments can be 
made using three different schedules. 
A flat rate of $10,000 grants an un- 
limited license for distribution of the 
program incorporating the libraries. 

Two payment schedules are pro- 
vided for per-copy royalties. The first 
schedule is a $500 initial fee for the 
first 25 copies and a per-copy cost of 
$15 each for the next 25 copies, 
which decreases to a per-copy cost of 
$7 and below after 100 copies. 

The second schedule is a prepaid 
system that begins at $200 for the 
first 10 copies. This system is better 
for the vendor planning to sell few 
copies of a product. 

Metagraphics MetaWINDOWS 
products are surprisingly powerful for 
the cost. MetaWINDOWS does not 
compete directly with Halo or 
GSS*CGI because this product is a 
screen-only toolkit. The only hard- 
copy device supported is a utility that 
prints the current screen to a dot-ma- 
trix printer in graphics mode. 

But as a screen-only toolkit, 
MetaWINDOWS is a viable alterna- 
tive to the larger and more expensive 
products provided by Media Cyber- 
netics and Graphics Software 
Systems. ° 


CLASSIFIED CONNECTION 


LEARN C ON TV 

Learn C quickly and easily with the video 
training course “A Programmer’s Intro- 
duction to C.” Course includes 3% hours 
of video instruction and a 115-page book- 

let. Cost: $400. A free 15-day review 

available. 
Berkeley Decision/Systems 
803 Pine St., Santa Cruz, CA 95062 
(408) 458-0500 
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INSTANT ACCESS 
to any directory without typing full path 
names. The COMMAND System auto- 
_ matically generates Short Names for every 
directory. Fast programs; many functions 
‘DOS forgot. Includes super programs to 
show files and directories. Fantabulous 
SEARCH Program that searches ASCII 
or Word Processor files. 30-day Money- 
Back Guarantee. Buy Now at the Special 
Introductory price of $75. Send Check or 
Call Now with your VISA or MC order. 
Free U.S. shipping. 
CompuMagic Inc. 
P.O. Box 437, Severn, MD 21144 
(301) 969-8068 
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EDITINGTOOLS 2.1 
Now you can have a slick full-screen mul- 
tifile text editor for only $35. Enjoy the 
ease of editing many files at once and the 
freedom of moving text among files. File 
sizes are limited only by memory, With an 
easily reconfigurable keyboard and a con- 
venient multidirectory DOS shell. Opti- 
mized Turbo Pascal source code is avail- 
able for $134 more. Add $4 for s/h. 
Jou Laboratories 
P.O. Box 460969, Garland, TX 75046 
(214) 495-8862 
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INLINETOOLS 2.0 
Turbo Pascal inline programmers! Now 
you can write at ease DOS/BIOS calls, 
critical statements, and procedures in tight 
and fast assembly code right into your 
Turbo Pascal program text. No more 
DEBUG and MASM. Just write assembly 
code as comments, and let IT append in- 
line machine code for you instantly. 
$65+$4 s/h. 
Jou Laboratories 
P.O. Box 460969, Garland, TX 75046 
(214) 495-8862 
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BO PASCAL $2.50—DISK 
TSS, the “BBS-by-mail.” 135+ disks of 
compressed files. Membership fee ($25) 
includes starter package + 2 FREE disks 
with first order. Cat list $5. Anniversary 
sale: $250 for full membership PLUS full 
library through disk 150. VISA/MC/ 
COD (non-U.S. add $10, U.S. funds 
only). Call our on-line BBS (617) 545- 
ileble 


All files on line! 
Turbo Source Search 
P.O. Box 876, Scituate, MA 02066 
(617) 545-6677 


SERVICE CARD 


This space could be yours 
in the November issue of 
COMPUTER LANGUAGE! 
Call today for details 
(415) 397-1881 
(216) 493-8733 


(617) 232-5470 


STOP PROGRAMMING 

Turbo Pascal data bases by hand. With 

Turbo GhostWriter you use our screen 
editor to draw and paint your screens, de- 
fine your indexes and that’s all! No ques- 

tions to answer. No new languages to 

learn. Automatic documentation. Auto- 
matic context-sensitive help screens. Lots 
of hooks built in for modifications. Comes 
complete with easy-to-use instruction man- 
ual, network compatible B-tree file man- 
ager, screen editor and painter, documen- 
tation utilities. MC/VISA/Choice, check, 
PO, COD. Dealer inquiry invited. 60-day 

guarantee. Demo available. 
Orders/information (800) 227-7681 
ASCII 
(Automated Software Concepts 
International Inc.) 
3239 Mill Run, Raleigh, NC 27612-4135 
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MINIMIZE TURBO PASCAL DEBUG TIME 
Tmark allows Turbo to continue compiling 
after an error is found without returning to 
line one. Tmark can save and restore Tur- 
bo’s state during a compilation. As each 
compiler error is found you can fix it and 
continue compiling. Saves are made auto- 
matically before compiler errors or at lines 
designated with a /tmark} comment. 
Tmark dramatically reduces debug time. 
Once you try it yow.will never want to give 
it up! $80+$2 s/h, VISA/MC. 
TANGENT DESIGNS 
P.O. Box 896, Lake Forest, IL 60045 
(800) 356-2750, (312) 295-0030 
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USER INTERFACE PROTOTYPING, 
construction, run-time management tool 
for PC applications. Systems builders re- 
port 50% savings in interface development 

using SKYLIGHTS compared to pro- 
grams like Microsoft's Windows develop- 
ment kit. For C programs; no coding; un- 

limited look and feels: character-based, 
monochrome displays; data entry screens; 

iconic/textual menus; overlapping win- 
dows; full color; high-resolution graphics; 
lots of pointing devices. Upcoming release 
to run under WINDOWS. Versions for all 

IBMs and compatibles, now including 

PS/2 with VGA boards. Versions from 

$195. No run-time fees. 
The Report Store 
910 Massachusetts St., Suite 602 
Lawrence, KS 66044 
(913) 842-7348 


CIRCLE 123 ON READER SERVICE CARD 


TURBO.ASM 
The only package designed to I/F Turbo 
Pascal and MASM. Make MASM calls 
without affecting code space. Pass data 
back and forth. Learn internals of Turbo 
Pascal. Use Turbo Pascal to learn MASM. 
Includes source & more! $45. 
PM Tools 
748 Holly Hill, Redwood City, CA 94061 
(415) 366-2062 
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COMPILED BASIC TOOLS 
We now carry a complete line of libraries 
and tools for compiled BASIC in addition 
to our FINALLY! series. Get our catalog 
of top brand products for compiled BASIC 
by calling: 
(800) 423-3400 (9 a.m.-8 p.m. EST), 
KOMPUTERWERK INC. 
851 Parkview Blyd., Pittsburgh, PA 15215 
PA & AK call (412) 782-0384 
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DEVELOPERS, NOW AVAILABLE! 
Sof-Tel Inc., in their goal to provide inno- 
vative Software Solutions, now has ready 
for you two new IBM PC software pack- 
ages. Do you need Modem dialing and in- 
terrupt Comm port support? Get AUTO- 
DIAL! User-definable script files allow use 
with many modems. Send $49.95 plus $3 
P&H. Also available, STAGE2-PC, the 
PC version of the mainframe macro pro- 
cessor STAGE2. Disk plus printed manual 
only $49.95 plus $3 P&H. (Florida resi- 

dents add 5% sales tax.) 
Sof-Tel Inc. 
P.O. Box 5116, Lighthouse Pt., FL 33074 
(305) 942-6671 
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SCREEN MANAGER 
MENU, WINDOW, and DATA ENTRY 
Support for the Professional Programmer! 
Interfaces to most languages. BASIC, C, 
FORTRAN, COBOL, Pascal, assembler. 
100-Page Manual. 30-day money-back 
guarantee. No royalties. From $79. 
VISA/MC. CALL FOR FREE DEMO 
The West Chester Group 
P.O. Box 1304, West Chester, PA 19380 
(215) 644-4206 
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INCREDIBLE ASSEMBLER BARGAIN! 
Turn your PC into a development system 
with this one-time offer of five sophisticat- 
ed cross assemblers for less than the price 
of one! For just U.S. $150, you will get: 
Z80ASM—for Z80 microprocessor family 
85XASM—for 8080/8085 microprocessers 
96XASM—for MCS-96 microcontroller family 
51XASM—for MCS-51 microcontroller family 
48XASM—for MCS-48 microcontroller family 
Send for more information today! 
LEAR COM COMPANY 
2440 Kipling St., Suite 206, 
Lakewood, CO 80215 
(303) 232-2226 
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You'd Be Surprised Who Uses 


© 


Essential Graphics Functions 


And some of our well-known customers would be just as 
surprised if they saw themselves in this ad. We don’t splash 
their names all over the place as a matter of professional 
courtesy. 


Let’s face it. Just because someone else uses a product is 
not reason enough to buy it. The clincher is that our 
programs run a documented 40% faster than the closest 
competitor. To complete the picture, our code is up to 
75% smaller due to efficient coding 

and the granularity 
of functions. 


However, should 
curiosity get the best 
of you, call us at 
201-762-6965 and 
we'll drop a few 
highly impressive 
names on you. 


Behind every 
great program is a great library. 


Draw Your Own Conclusions 
When you’re responsible for a project that includes 
advanced graphics, “graphics windowing,’ or character 
font manipulation, Essential Graphics is the clear choice. 
We've taken the grind out of graphics programming and 
replaced it with speed and versatility. 


No Royalties, 30 Day Guarantee 


We believe that selling you a programming tool does not 
make us your co-authors. So we don’t charge any royalties 
or run time fees. If within 30 days you don’t find our 
library satisfactory, dump the whole thing and receive a 
complete refund. 


[ 


Functions At A Glance 


Features: Graphics Adapters: 

© Fastest functions available e IBM Color Graphics 

© Dots, Lines, Circles, Arcs, e IBM Enhanced Graphics 
Pies, Bars © Hercules Graphics 


© Manipulate character fonts e AT&T, Olivetti Graphics 
@ Move blocks, do animation © Tecmar Graphics Master 


© User definable patterns © Others (Call) 


© Seed filling in a boundary Compiler Compatibility: 
@ Microsoft, C, Fortran, 


© Clipping on screen 


coordinates Pascal 
Devices Supported: © Lattice C, Aztec C ‘ke 
e IBM, Epson, Oki printers © Computer Innovations 
e HP Plotters, HP Laser Jet C86, DeSmet C 


ie © Microsoft, Logitech Mice © Wizard C, Mark Williams i 


Do Your Homework 


The library you buy can influence the rest of your 
programming life. We encourage you to do some checking 
before making a decision. When you’ve done your home- 
work, you'll choose Essential. Call our support staff of 
experienced C programmers and find out before you buy 
how things will be after your check clears. 


ek 
$250.00 : : 


‘ 
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a 
i 
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j 
i 


! 


To order or for support 
call: 201-762-6965 


For foreign orders contact:: 
England: Gray Matter Tel. (0364) 53499 
Japan: Lifeboat Inc. of Japan Tel: 293 4711 
West Germany: Omnitex Tel. 07623-61820 


Essential Software, Inc. 
PO. Box 1003, Maplewood, New Jersey 07040 
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PRESENTING THE DIFFERENCE BETWEEN — 
FAST COMPILING AND FAST PROGRAMMING, - 


ef ix 
i 4 
For compiling speed, . Sau imESe Lo 
you can’t do better than ag Sty 
Let’s C. But to really LET’S C AND csd. 
speed up programming SED EET EDP 
you can’t do without the “Let's Cis an inex. | 
powerful source level pensive, high-quality 
debugger, csd. programming package... 
If you want the with all the tools you will 


power, portability and flex- 
ibility of C, start with the 
complete compiler, Let’s C. 
For utilities, editor, compil- 
ing speed and fast, dense 
code, Let’s C has it all. (UY or was Comes 

But to get your pro- 
grams up and running you 
need more. Because even the fastest compiler 
can’t outrun bugs. You need the revolutionary C 
Source Debugger, csd. 


CUT DEVELOPMENT TIME IN HALF 
WITH csd 


_csd lets you bypass the time consuming frus- 
trations of debugging—like long dumps and clunky 
assembler. With csd, you actually debug in C. You learn 
faster because you watch your program run in C. You 
finish faster because csd combines the speed of a compiler 
with the interactive advantages of an interpreter. The end 
result? Development time is sliced in half. 


LET’S C AND csd FEATURES 


~ e For the IBM-PC and-Campatibles 
e Not copy protected 


Sieve Benchmark 

(Compile time in seconcs) 

Let's C: 2.8 (On 512K 6Mhz IBM-AT) 
Turbo C: 3.89 (As advertised) 


esd: 


° Debug in SOUrcE pea ay 
assembler 

e Monitor variables while 

° tracing program 

e Fast compact code plus register © Does not change program speed 
variables or size 

e Provides separate source, eval- 
uation, program and history 
windows 

e On-line help screens 

© Can interactively evaluate any 
C expression 

e Can execute any C function in 
your program 

e Trace back function 

e Ability to set trace points 

e Not copy protected 


e Full Kernighan & Ritchie C and 
extensions 

e Full UNIX compatibility and 
complete libraries 

e Many powerful utilities including 
make, assembler, archiver, cc one- 
step compiling, egrep, pr,-tail, we 

e MicroEMACS full screen editor 
with source included 

e Supported by dozens of third 
party libraries 


need to create applications.” 
—William G. Wong, BYTE, 
August 1986. 

“The performance and 
documentation of the $75 
Let’s C compiler rival those 
r C compilers for the PC 

currently being sold for 
$500... highly recommended...” 


Source Debugger 


LIMITED TIME | —Marty Franz, PC TECH JOURNAL, August 1986. 
OFFER 
FREE csd 
WITH LET’S C! 


“csd is close to the ideal debugging environ- 
ment...a definite aid to learning C and an 
indispensable tool for program development.” 
—William G. Wong, BYTE, August 1986. 


“This is a powerful and sophisticated debugger built on a a 


well-designed, ‘serious’ compiler.” 
—Jonathon Sachs, Micro/Systems Journal, April, 1986 


START TO FINISH, THERE’S NO 
BETTER ENVIRONMENT. 


Get started with the right C compiler and you'll have 
everything you need for development—including source 
level debugging. On top of it all, Let’s C and csd are today’s 
best values in professional C programming tools. And 
most reliable: Mark Williams C compilers have been sold 
with DEC, Intel and Wang computers since 1981. 


60 DAY MONEY BACK GUARANTEE 


Mark Williams gives you a full 60 days to find out just 
how good Let’s C and csd really are—or your money back. 
So if you want more than a fast compiler—if you want 
your programs up and running fast, ask for Let’s C and 
csd. You'll find them at your software dealer’s, in the soft- 
ware department of your favorite bookstore, through the 
Express Program at over 5500 Radio Shacks or you can 
order now by calling 1-800-MWC-1700.* 
*In Llinois call, 1-312-472-6659. 
Mark 
Williams 
Company 
1430 West Wrightwood, Chicago, Illinois 60614 


© 1987 Mark Williams-Compam 
Let's Cisa Pes trademark of the Mak W Wiliams Company. 
UNIX is a trademark of Bell 


MARK WILLIAMS LET'S C AND esd ONLY $75 EACH, 
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